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ABSTRACT 
Climate change is one of the most significant challenges facing humankind in the 
twenty-first century. People in the developing world are widely believed to be more vulnerable 
to climate change because of their reliance on agriculture, resource scarcity, poor infrastructure 
and unstable institutions. The 2009 World Development Report found that by the end of this 
century, Vietnam will be one of five countries most affected by climate change due to its long 
coastlines, a high concentration of population and economic activity in coastal areas and a 
heavy reliance on agriculture, natural resources and forestry. This thesis undertakes the 
econometric analysis of secondary data to determine the impacts of climate change and climatic 
shocks on household wellbeing in Vietnam. The first research area is concerned with the 
relationship between climatic variables and agricultural output. It does so using data from the 
Vietnam Household Living Standard Survey as well as monthly temperature and precipitation 
data for the period 1950–2014. The estimated results are combined with future climate 
scenarios to predict how future changes in temperature and rainfall will affect agricultural 
output. The second research area investigates the impacts of climatic shocks on migration using 
household level data. This econometric approach examines the direct impact of a shock on 
migration as well as the indirect impact through its reduction of agricultural output. Findings 
indicate that the damage from climatic shocks increases the probability of migration. The third 
research area is concerned with the impacts of climatic shocks on child health, using panel data 
for child health from the Young Lives Project and rainfall data. Findings indicate that climatic 
shocks impact on child health directly but also indirectly, through their impacts on the 
psychological well-being of mothers. The final research area examines the determinants of the 
Vietnamese government’s support programs to areas impacted by climatic shocks. It uses 
commune level data from the Vietnam Access to Resources Household Survey. Empirical 
findings from this chapter suggest that communes with higher levels of political connections 
have a higher probability of receiving support in a post-shock period. 
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CHAPTER 1 – INTRODUCTION AND OVERVIEW 
 
1.1. Introduction 
According to the Intergovernmental Panel on Climate Change (IPCC), climate change 
includes increasing temperatures, changing rainfall patterns, rising sea levels, saltwater 
intrusion and a higher probability of extreme weather events such as flooding and droughts 
(Solomon et al., 2007). It is believed that the intensified accumulation of carbon dioxide and 
other greenhouse gases will exacerbate this global issue beyond the next century. The last 100 
years have shown an increase in global mean surface temperature of between 0.4 °C to 0.8 °C 
and it is predicted to increase by 1.4 °C to 5.8 °C over the next 100 years (IPCC, 2014). As a 
result, this serious environmental problem will affect not only ecosystems by changing the 
composition of vegetation (as well as plant and animal diversity, and human health), but also 
global economies through various channels such as agriculture, water resources, energy and 
tourism. Climate change is one of the most significant challenges facing humans in the twenty-
first century and mitigating its impacts has become an imperative for policymakers. The 
populations of developing countries are commonly believed to be more vulnerable to climate 
change due to resource scarcity, poor infrastructure and unstable institutions. With low 
adaptive capacities in these countries, climate change will worsen inequalities regarding health 
status and access to food and clean water, and, therefore, hamper progress at reducing poverty. 
A report from the World Bank in 2009 indicated that Vietnam is one of five countries 
predicted to be among the most affected by climate change due to its long coastlines, large 
population and economic activity in coastal areas, with heavy reliance on agriculture, natural 
resources and forestry (Harvey, 2009). In the past 50 years, climate change in Vietnam has 
been characterised by an increase in average temperature by 0.5 °C to 0.7 °C, a rise in sea levels 
by 200 mm and a higher frequency of storms, floods and droughts (Harvey, 2009). By the end 
of the twenty-first century, climate-change scenarios for Vietnam predict that its annual 
average temperature will continue to rise by 2–3 °C and its sea level will rise by 650–1,000 mm 
(Harvey, 2009). Meanwhile, a change in rainfall patterns are expected to increase precipitation 
during the country’s rainy season and decrease it during the dry season. Consequently, climate 
change in Vietnam is considered to be serious and presents significant challenges to hunger 
eradication and poverty reduction, as well as the achievement of the United Nations’ (UN) 
Sustainable Development Goals (SDGs). 
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Expectedly, agriculture is one of the most climate-change affected sectors in Vietnam. 
With both direct effects on crop production and indirect effects through changes in irrigation, 
water availability and potential evapotranspiration, the effects of climate change on Vietnam’s 
agriculture could result in a 0.7–2.4 percent reduction of total gross domestic product (GDP) 
by 2050 (Stern et al., 2006). The expansion of the Mekong Delta—one of three most vulnerable 
deltas in the world alongside the Nile (Egypt) and the Ganges (Bangladesh and India)—is 
predicted to damage 1.1 million hectares, or 70 percent of cultivated land in Vietnam’s coastal 
areas by 2030 due to saltwater intrusion (UNDP, 2007). 
Besides agriculture, frequent extreme weather events (such as droughts and floods) are 
also considered to affect migration. Warner et al. (2010) estimate that a 1 metre increase of sea 
level could displace more than 7,000,000 residents and flood the homes of more than 
14.2 million residents in the Mekong Delta, as well as submerge half of the region’s agricultural 
land. At a macro level, the relocation of human settlements and a decrease in agricultural 
production will worsen the already vexatious problems of poverty and inequality in Vietnam. 
In recognising these remarkable effects, there is a rapidly growing number of studies 
which examine climate change at both micro and macro levels. Nevertheless, most of these 
studies are qualitative in nature. There is some quantitative research measuring the economic 
effects of climate change on agriculture (Le, Vu, & Xuan, 2015; Vien, 2011); however, these 
studies have failed to provide a complete picture of how climate change affects Vietnam’s 
economy. This thesis seeks to fill this gap by using different techniques to examine the effects 
of climate change on Vietnamese farmers and their livelihoods as well as on migration and 
child health. Specifically, this thesis answers the following research questions: 
1. How is climate change affecting the value of agricultural production in Vietnam? 
2. Do climatic shocks affect the migrating decisions of households? 
3. Do climatic shocks have adverse effects on child health? 
4. Do political connections increase government support in the period following a 
climatic shock? 
The remainder of this chapter is structured as follows. Section 1.2 presents an overview 
of global climate change by reviewing its impacts and the adaptation and mitigation strategies 
that can be adopted. Sections 1.3 and 1.4 provide a summary of climate change and its impacts 
on agriculture in Vietnam, Section 1.5 summarises the outline and contributions of this thesis. 
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1.2. Climate change: A global problem 
1.2.1. Defining climate change 
To understand climate change, it is necessary to differentiate weather from climate. The 
term ‘weather’ refers to the atmospheric state of a place at a specific time; it is the day-to-day 
state of air temperature, moisture, cloud covering and relative humidity. The term ‘climate’ 
refers to a region’s average weather patterns over a long period of time (typically 30 years) and 
is measured by variables such as mean temperature, precipitation, humidity and seasonal timing 
(Solomon et al., 2007). Thus, the significant variations in climate, typically persisting for 
decades or longer, are referred to as ‘climate change’. The UN Framework Convention on 
Climate Change (UNFCCC) has provided a comprehensive definition of climate change as a 
term that is attributed directly or indirectly to human activity, which alters the composition of 
global atmosphere and that is (in addition to natural climate variability) observed over 
comparable time periods (Untied Nations, 1992). 
1.2.2. Causes of climate change 
Most scientists agree that climate change is driven by two main sources: natural causes 
and anthropogenic causes. Scientists have shown that environmental changes are influenced by 
natural phenomena. For example, El Niño—a phenomenon caused by the extensive warming 
of the central and eastern tropical Pacific Ocean—leads to a major shift in weather patterns 
across the Pacific, especially in Australia, Indonesia and the south-west United States (US). 
During El Niño, there are droughts in western Pacific countries, such as Indonesia and 
Australia, while elsewhere countries with typically dry climates, such as Ecuador and Peru, 
suddenly experience substantial rain. However, such change is considered unremarkable in 
comparison to the change caused by human activity. 
Recent evidence suggests that most of the global warming experienced over the last 50 
years was caused by human activity, particularly through the creation of greenhouse gases, 
such as carbon dioxide and methane (Solomon et al., 2007). For example, burning fossil fuels 
for transport, heating and cooking has released one billion tonnes of carbon dioxide into the 
atmosphere (Rogers et al., 2012). Deforestation also significantly affects carbon emissions, as 
trees are a main source of absorbing carbon dioxide from the atmosphere. Increasing 
populations combined with an increase in energy usage and greenhouse gases are considered 
significant threats to further climate change. If no action is taken to prevent these activities, it 
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is certain that the earth’s level of carbon dioxide will continue to rise and pose serious 
challenges to social, environmental and economic development. 
1.2.3. Trends and projections for climate change 
Since carbon dioxide emissions are believed to be the main cause of global warming, 
future trends in their levels will determine the prospective level of climate change. During the 
twentieth century, annual carbon emissions increased dramatically from approximately 8.5 to 
8,500 million tonnes, as shown in Figure 1.1. Specifically, liquid fuel usage is responsible for 
about 35 percent of global carbon emissions, solid fuel is the source of another 40 percent and 
combustion of natural gas accounts for 18 percent (Le Quéré et al., 2015). Sorted by country, 
China, the US and India are three of the world’s largest carbon emitters. In 2014, China released 
approximately 27.6 percent of global carbon emissions, followed by the US with about 14.5 
percent and by India with seven percent (Global Carbon Atlas, 2017). 
 
Figure 1.1: Annual carbon emissions from fossil fuel consumption in the period 1860–
2010 
Notes: The figure provides a summary of historical carbon emission, and it also provides a prediction 
of carbon emission in the period 2008 – 2010. 
Source: Solomon et al. (2007) 
Global temperature has increased significantly because of intensified carbon emissions. 
According to the IPCC Fourth Assessment Report, the average temperature rose approximately 
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0.74 °C from 1906 and 2005; this warming trend over the last 50 years is nearly double that of 
the previous period (Figure 1.2). The report also found an increase of temperature which varies 
across regions and such increases over continents are usually higher than those over oceans 
(Solomon et al., 2007). 
 
Figure 1.2: Anomalies of global annual mean temperatures 
Source: Solomon et al. (2007) 
Unlike temperature, changes in rainfall patterns are less clear (Figure 1.3). In the past 
100 years, there is evidence of an increasing level of rainfall in areas with latitude higher than 
30 degrees, while rainfall has fallen in tropical areas since the mid-1970s (Solomon et al., 
2007). Generally, heavy rainfall events are occurring more frequently in most global regions. 
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Figure 1.3: Global mean precipitation anomalies 
Source: Solomon et al. (2007) 
Besides temperature and precipitation, the twentieth century also marked a remarkable 
increase of average global sea levels (Figure 1.4) due to accelerated thermal expansion and ice 
melting. The observed data show the earth’s sea level has increased by approximately 
1.8 ± 0.5 mm/year, in which thermal expansion contributed approximately 
0.42 ± 0.12 mm/year and ice melting contributed approximately 0.7 ± 0.5 mm/year (Solomon 
et al., 2007). 
 
Figure 1.4: Changes in global average sea level 
Source: Solomon et al. (2007) 
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In the coming decades, future climate change is recognised to depend primarily on the 
level of carbon dioxide emissions, as driven by socio-economic development. In 2001, IPCC 
published a Special Report on Emissions Scenarios (SRES) introducing different future climate 
change situations, which reflected relatively diversified possibilities of carbon dioxide 
emissions in the twenty-first century (see Table 1.1). Across the scenarios, the growth of carbon 
emissions is highly variable (Figure 1.5). 
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Table 1.1: Scenarios of future climate change 
 A1B A1F A1T A2 B1 B2 
Population growth Low Low Low High Low Medium 
Economic growth Very high Very high Very high Medium High Medium 
Energy use Very high Very high High High High Medium 
Pace of technological 
growth 
Rapid Rapid Rapid Slow Medium Medium 
Technological 
changes 
Balance of 
energy options 
Coal, oil and 
gas 
Non-fossil fuels 
Varied by 
regions 
Clean and resource 
efficient 
Varied by 
regions 
Environmental 
awareness 
Low Low Low 
Varied by 
regions 
High High 
Focus on social 
equality 
Low Low Low 
Varied by 
regions 
High High 
Scale Global Global Global Local/Regional Global Local/Regional 
Notes: 
1. A1 Family Scenarios: Rapid economic growth and high population growth (F—Fossil intensive, T—Non-fossil, B—Balance) 
2. A2 Scenario: Slow economic development, high population growth 
3. B1 Scenario: Same as A1, focus on service and information economy (global level) 
4. B2 Scenario: Same as A2, focus on environmental protection and social equity (local level) 
Source: McCarthy et al. (2001) 
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Figure 1.5: Projected carbon dioxide emissions under scenarios 
Notes: IS92a scenario; first IPCC scenario in 1992 
Source: McCarthy et al. (2001) 
Further, McCarthy et al. (2001) demonstrate that the continued release of carbon 
dioxide emissions at or above the current rate would cause further warming and several changes 
in both global temperatures and sea level, which are likely to be larger than those observed 
during the previous century (Table 1.2)—however, it should be noted that the numeric value 
in Table 1.2 is an average estimate; the range is the lower and upper value of the average figure. 
Together with the increase in surface-air temperature and sea level, other changes are also 
expected to occur, including a higher frequency of severe heatwaves and heavy rain, a greater 
frequency and intensity of tropical cyclones, higher rainfall in elevated areas and reduced 
rainfall in most non-tropical areas. 
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Table 1.2: Projection of temperature change and sea-level rise at the end of the twenty-
first century 
Scenario 
Temperature change (°C) at 2090–2099 
relative to 1980–1999 
Sea-level rise (mm) at 2090–2099 
relative to 1980–1999 
Best 
estimate 
Likely range 
Model-based range excluding 
future rapid dynamical changes in 
ice flow 
B1 1.8 1.1–2.9 0.18–0.38 
A1T 2.4 1.4–3.8 0.20–0.45 
B2 2.4 1.4–3.8 0.20–0.43 
A1B 2.8 1.7–4.4 0.21–0.48 
A2 3.4 2–5.4 0.23–0.51 
A1F1 4 2.4–6.4 0.26–0.59 
Source: McCarthy et al. (2001) 
1.2.4. Effects of climate change 
Experts argue that global climate change has already had observable effects on the 
environment and human life. As a whole, a great deal of published evidence indicates that the 
net damage of climate change is likely to be significant and to increase over time (Solomon et 
al., 2007). However, its consequences are broad and range across sectors and nations, as shown 
in Table 1.3. 
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Table 1.3: Possible effects of climate change 
Type of effect 
Eventual temperature rise relative to pre-industrial temperatures 
1 °C 2 °C 3 °C 4 °C 5 °C 
Freshwater 
supplies 
Small glaciers in the 
Andes disappear, 
threatening water 
supplies for 50 million 
people 
Potential water supply 
decrease of 20–30 
percent in some regions 
(southern Africa and the 
Mediterranean) 
One to four billion 
people suffer water 
shortage; serious 
droughts in southern 
Europe every 10 years 
Potential water supply 
decrease of 30–50 
percent in southern 
Africa and the 
Mediterranean 
Large glaciers in the 
Himalayas possibly 
disappear, affecting one-
quarter of China’s 
population 
Food and 
agriculture 
Modest increase in crop 
yields in temperate 
regions 
Decline in crop yields in 
tropical regions (5–10 
percent in Africa) 
 
150–550 million 
people at risk of 
hunger, especially in 
higher latitudes 
Decline by 15–35 
percent in Africa; 
some entire regions 
out of agricultural 
production 
Increase in ocean acidity 
possibly reduces fish 
stocks 
Human health 
300,000 people die each 
year from climate-related 
diseases; reduction in 
winter mortality in high 
latitudes 
40–60 million more 
people exposed to 
malaria in Africa 
One to three million 
people die each year 
from malnutrition 
80 million people 
exposed to malaria in 
Africa 
Further diseases increase 
and substantial burdens on 
health care services 
Source: Solomon et al. (2007) 
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Table 1.3: Possible effects of climate change (Continued) 
Type of effect 
Eventual temperature rise relative to pre-industrial temperatures 
1 °C 2 °C 3 °C 4 °C 5 °C 
Coastal areas 
Increased damage from 
coastal flooding 
10 million people 
exposed to coastal 
flooding 
170 million people 
exposed to coastal 
flooding 
300 million people 
exposed to coastal 
flooding 
Sea-level rise threatens 
major cities such as New 
York and London 
Ecosystems 
At least 10 percent of 
land species facing 
extinction; increased 
wildfire risk 
15–40 percent of species 
potentially face 
extinction 
20–50 percent of 
species face 
extinction; collapse of 
Amazon forest 
Loss of half of Arctic 
tundra; widespread 
loss of coral reefs 
Significant global 
extinctions 
Source: Solomon et al. (2007) 
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1.2.5. Adaptation and mitigation strategies 
Due to the significant effects of climate change on the environment, economies and 
ecosystems, adaptation and mitigation strategies have been developed across countries to 
overcome its threats. It is essential that climate-change adaptation strategies complement 
climate change mitigation strategies. At a global scale, numerous negotiations have been held 
to achieve universal agreements on climate change (Table 1.4). Despite that some dissensions 
regarding certain climate issues are still existing, most countries have agreed to adopt policies 
to mitigate global warming. 
Table 1.4: International climate conferences 
Year and location Outcomes 
1992, Rio de Janeiro 
Negotiations start with completion of UNFCCC. Countries agree to 
voluntarily reduce emissions with ‘common but differentiated 
responsibilities.’ 
1995, Berlin 
The first annual Conference of the Parties (COP) to the framework. The US 
agrees to exempt developing countries from binding obligations. 
1997, Kyoto 
COP3 diplomats approve the Kyoto Protocol which requires developed 
countries to cut greenhouse gas emissions relative to baseline emissions by 
2008–2012. 
2000, The Hague 
Outgoing Clinton administration and Europeans differ on some COP6 terms, 
particularly over credit for carbon sinks, such as agriculture and forests. 
2001, Bonn A second session of the COP6 talks develops terms for compliance and 
financing. The Bush administration rejects the Kyoto Protocol. 
2004, Buenos Aires The US blocks formal negotiations on post-Kyoto treaty. 
2007, Bali 
COP13 diplomats approve schedule for post-Kyoto negotiations to end in 
2009. 
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Table 1.4: International climate conferences (Continued) 
 
Year and location Outcome 
2009, Copenhagen 
COP15 fails to produce a binding post-Kyoto agreement. Instead, the 
Copenhagen Accord declares the importance of limiting warming to under 
2 °C. Developed countries pledge to provide financing to developing countries 
of US$30 billion annually, rising to US$100 billion by 2020. 
2010, Cancun 
Nations meet to develop details of the Green Climate Fund (GCF) agreed to 
in Copenhagen. 
2011, Durban 
COP17-participating countries agree to adopt a universal legal agreement on 
climate change no later than 2015 to take effect by 2020. 
2012, Doha; 2013, 
Warsaw; 2014, 
Lima; December 
2015, Paris 
COP18 to COP20 agrees to extend the life of the Kyoto Protocol and in 
principle to commit all countries to emissions cuts, but without any binding 
agreement. COP21 in Paris is considered to be the ‘summit of the last change’ 
for a binding agreement. 
Source: UNDP (2015) 
1.3. Climate change in Vietnam 
Located in South-East Asia, Vietnam has been recognised as one of the world’s best-
performing economies over the past decade. During 1995–2005, its real GDP grew by an 
average of 7.3 percent each year, the share of industry rose from 29 percent to 41 percent of 
GDP and per capita income rose from US$260 in 1995 to US$835 in 2007 (Stern et al., 2006). 
Vietnam achieved significant progress towards the MDG targets, despite poverty reduction 
progressing at a slower rate for the country’s ethnic minorities. As a result of industrialisation 
and modernisation strategies, the industry and service sectors now contribute a large share of 
Vietnam’s annual GDP, while the contribution of the agricultural, forestry and fishing sectors 
has declined. Nevertheless, the latter sectors continue to contribute 21 percent of GDP and 
employ over 47 percent of the country’s labour force. In terms of agriculture, rice production 
is considered as key for food security, rural employment and foreign exchange. It employs two-
thirds of the rural labour force and Vietnam is the world’s second largest rice exporter. The 
Red River Delta and Mekong Delta are the two most important rice-growing areas that 
contribute to more than 70 percent of the country’s food production. 
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With its long coastlines, geographic location, diverse topography and climate, Vietnam 
is one of the most hazard-prone countries of the Asia-Pacific region, with storms and flooding 
in particular, responsible for economic and human loss. Climatic change linked to rising 
average temperature and sea level as well as substantial changes in rainfall patterns has 
exacerbated these vulnerabilities. Given that a high proportion of the country’s population and 
economic assets (including irrigated agriculture) are in coastal lowlands and deltas, Vietnam 
has been ranked among the five countries most likely to be affected by climate change. 
Developing adaptation and mitigation policies for Vietnam is therefore essential. 
1.3.1. Overview of Vietnam’s climate 
Situated in the interior tropical zone of the Northern Hemisphere—closer to the tropics 
than the equator and heavily influenced by the East Sea—Vietnam has a monsoon tropical 
climate with distinct characteristics of two major seasons: the dry season (November–April) 
and rainy season (May–October). 
During the 50 years between 1958 and 2007, the annual average temperature in 
Vietnam increased significantly by 0.5 °C to 1 °C (Figure 1.6). The winter temperatures rose 
faster than those of summer, while temperatures in northern zones rose faster than southern 
zones (Table 1.5). In provincial cities such as Hanoi, Ho Chi Minh City and Da Nang, the 
average temperature between 1961 and 2000 was higher than that of the three previous decades 
(1931–1960). 
 
Figure 1.6: Changes in annual average temperature (°C) during the last 50 years 
Source: MONRE (2009) 
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While the geographic increase of temperature is distinct, the change in annual average 
rainfall varied across regions (see Figure 1.7 and Table 1.5). On average, the rainfall between 
1958 and 2007 decreased by approximately two percent (MONRE, 2009). 
 
Figure 1.7: Changes in precipitation (percent) during the last 50 years 
Source: MONRE (2009) 
Table 1.5: Increases in temperature and changes in precipitation during the last 50 
years in Vietnam’s climate regions 
Climate regions 
Temperature (°C) Precipitation (percent) 
January July Year Nov–Apr May–Oct Year 
North-West 1.4 0.5 0.5 6 –6 –2 
North-East 1.5 0.3 0.6 0 –9 –7 
Red River Delta 1.4 0.5 0.6 0 –13 –11 
North Central Coast 1.3 0.5 0.5 4 –5 –3 
South Central Coast 0.6 0.5 0.3 20 20 20 
Central Highlands 0.9 0.4 0.6 19 9 11 
South (South-East and Mekong Delta) 0.8 0.4 0.6 27 6 9 
 Source: MONRE (2009) 
In terms of sea level, the data from tidal gauges along Vietnam’s coasts indicate that 
the sea level rose at a rate of approximately 2.8 mm/year during 1993 and 2008, which is 
comparable with the global rise (MONRE, 2009). Although most stations experienced this 
large rate, there are some (such as Quang Ninh and Quy Nhon) that indicate smaller changes 
in sea level. Along the coastal zone, the sea level in the mid-central coastal region and south-
 18 
 
western region are likely to increase more than the level of the whole coastal zone of 
approximately 2.9 mm/year (MONRE, 2009). 
1.3.2. Climate-change scenarios for Vietnam 
According to the Fourth Assessment Report of IPCC, developing climate-change 
scenarios for Vietnam incorporates greenhouse gas emissions with three different schemes: 
low-emission scenarios (B1), medium-emission scenarios (B2, A1B) and high-emission 
scenarios (A2, A1F1) (IPCC, 2007). Based on emission predictions, MONRE (2009) publishes 
Vietnam’s official climate-change scenarios, which are also developed for seven climate zones. 
To assess impact and adaptation planning, the medium-emission scenario (B2) is considered 
the main scenario, which includes projected changes in temperature, rainfall and sea level 
between 2020 and 2100. 
The annual mean temperature is expected to increase approximately 0.4–2.8 °C from 
2020–2100 (Table 1.6). The report also indicates that winter temperatures increase faster than 
summer temperatures and that temperatures in North Vietnam increase faster than those in the 
South (MONRE, 2009). These observations are all consistent with predicted increases in global 
average temperatures. 
Table 1.6: Projected increases in annual average temperature (°C) 
Climate regions 2020 2040 2060 2080 2100 
North-West 0.5 1 1.6 2.1 2.6 
North-East 0.5 1 1.6 2.1 2.5 
Red River Delta 0.5 0.9 1.5 2 2.4 
North Central Coast 0.5 1.1 1.8 2.4 2.8 
South Central Coast 0.4 0.7 1.2 1.6 1.9 
Central Highlands 0.3 0.6 1 1.4 1.6 
South (South-East and Mekong Delta) 0.4 0.8 1.3 1.8 2 
Source: MONRE (2009) 
The scenario for precipitation change is more complex due to its seasonal and region-
specific patterns. MONRE (2009) projects the annual rainfall to increase 1.5–3 percent in 
southern regions and 7–8 percent in northern regions by 2100 (Table 1.7). Notably, the dry 
seasons are predicted to get drier, with higher reductions of precipitation in southern regions 
than that in the north. Conversely, the wet seasons are projected to get wetter, with higher 
increases in precipitation in the northern regions than that in the south. As a result, droughts 
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would occur more frequently in the dry season, while floods would occur more regularly in the 
wet seasons. 
Table 1.7: Projected changes in annual rainfall (percent) 
Climate regions 2020 2040 2060 2080 2100 
North-West 1.4 3 4.6 6.1 7.4 
North-East 1.4 3 4.7 6.1 7.3 
Red River Delta 1.6 3.2 5 6.6 7.9 
North Central Coast 1.5 3.1 4.9 6.4 7.7 
South Central Coast 0.7 1.3 2.1 2.7 3.2 
Central Highlands 0.3 0.5 0.9 1.2 1.4 
South (South-East and Mekong Delta) 0.3 0.6 1 1.2 1.5 
Source: MONRE (2009) 
Sea level is projected to rise by approximately 30 cm by 2050 and 75 cm by 2100 under 
the medium-emission scenario (Table 1.8). The sea level is expected to rise most at Hon Dau 
station (Hai Phong), by approximately 80 cm by 2100 (MONRE, 2009). Generally, the rising 
sea level in Vietnam is consistent with global forecasts across 2020 and 2100 (Stern et al., 
2006). The expected changes in climate variables and sea levels have formed the background 
for evaluating the effects of climate change on various sectors in Vietnam. 
Table 1.8: Projected sea-level rise (cm) 
 2020 2040 2060 2080 2100 
Low scenario 11 23 35 50 65 
Medium scenario 12 23 37 54 75 
High scenario 12 24 44 71 100 
Source: MONRE (2009) 
1.3.3. Effects of climate change on Vietnam’s economic sectors 
Predictions suggest Vietnam will be extremely vulnerable to climate change and, thus 
likely to face significant impacts. Since Vietnam has a long coastline, a high concentration of 
population in coastal areas and a major reliance on agriculture, its potential climate-change 
effects are expected to be large in certain key sectors such as water, agriculture, forestry, fishery 
and health. 
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Water resources and agriculture 
Vietnam has more than 2,000 rivers, with a catchment area larger than 10,000 km2 and 
abundant surface-water resources in terms of total run-off, as well as renewable groundwater 
resources (MONRE, 2009). Despite these abundant provisions, the distribution of water 
resources in the country is extremely varied. Due to aberrations in monsoon rainfall, severe 
floods could occur in some seasons, while insufficient flows could lead to drought conditions 
in others. 
 Vietnam’s agricultural sector contributes approximately 21 percent of its GDP 
(Harvey, 2009), thus aiding poverty alleviation and food security. Rice is the country’s most 
important crop and has been cultivated by almost 80 percent of Vietnamese farmers using 
approximately 45 percent of the country’s agricultural land. Thus, it is particularly vulnerable 
to damage caused by frequent floods and droughts. Another potential threat concerns rising sea 
levels, especially in the Mekong Delta, which has lost 590,000 hectares due to inundation and 
saline intrusion over the past several decades (MONRE, 2009). Climate change could reduce 
annual rice production by 2.7–9.1 million tonnes by 2050, in combination with the reduced 
production of other crops such as maize, coffee, rubber and tubers. 
Coastal ecosystems and aquaculture 
Compared to agriculture, aquaculture and fisheries contribute approximately three 
percent of Vietnam’s annual GDP but provide a source of livelihood to about four million 
people. Besides climate change, these sectors have already been seriously affected by 
overfishing and unregulated fishing. Climate change will exacerbate this situation, thus 
damaging coral reefs, seagrasses and mangroves. Since coral reefs are highly sensitive to 
ocean-water temperature, global warming will cause further deterioration. In addition, extreme 
events such as storms, heavy rainfall and flooding will aggravate coastal degradation, thus 
damaging boats, housing, coastal vegetation and aquaculture facilities. 
Forestry 
Forestry is an emerging sector that contributes approximately one percent to Vietnam’s 
GDP, in which furniture and paper production account for five percent of its total exports. 
Approximately 65 percent of the population is impoverished and live in or near forests, 
depending on the availability of produce to survive (Asian Development Bank, 2014). In 
addition to uncontrolled deforestation, both flash flooding and mudslides, as well as forest fires, 
pests and disease outbreaks, are posing increasingly serious risks to Vietnam’s agriculture and 
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economy. Studies indicate that by 2100, all the country’s natural forest ecosystems will shrink, 
with tropical and moist semi-deciduous forests being the most vulnerable to climate change 
(MONRE, 2009). 
Energy and transportation 
An increase in temperature will stimulate the demand for a variety of energy-related 
services such as air conditioning, industrial cooling processes and agricultural drainage pumps; 
therefore, the energy sector is considered vulnerable to the effects of climate variability. In 
coastal areas, extreme climate events will damage electricity transmission and distribution 
infrastructure, while abnormal precipitation will affect stream flow, hydropower generation 
and reservoir design (MONRE, 2009). 
Similarly, the transportation sector is also vulnerable to extreme climatic events. 
Between 2001 and 2005, records show that severe weather events caused over US$160 million 
in damages in Vietnam (GSO, 2009). Evidence indicates that a 100 cm rise in sea level would 
submerge approximately 11,000 km of roads. In upland areas susceptible to landslides and 
mudslides, railway network infrastructure would also be heavily affected by climate change 
(MONRE, 2009). 
1.3.4. Institutional framework for climate change in Vietnam 
 The Vietnamese government has approved several strategies and plans to cope with 
climate change (Table 1.9). Generally, these frameworks have included vulnerability 
assessments across sectorial, regional and community levels; enhancing the role of science and 
technology for adaptation solutions; increasing public awareness and participation; and 
integrating climate change into development strategies, plans, and programs in all sectors 
(Asian Development Bank, 2014). 
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Table 1.9: Government strategies and plans on climate change 
Strategy/Plan Priorities Implementing legislation 
Socio-economic Development 
Plan (SEDP) for 2011–2015 
• Emphasise actions to cope with climate change, increase forest 
coverage, improve water-supply coverage, improve treatment of 
industry waste, improve treatment of solid waste and prosecute 
pollution violators 
• Emphasise response to sea-level rise and vulnerability of low-lying 
coastal regions 
 
Strategic Orientation for 
Sustainable Development in 
Vietnam (2004) (Vietnam 
Agenda 21) 
• Develop an institutional system supporting sustainable development 
(e.g., National Council on Sustainable Development) 
• Develop and implement local and sector Vietnam Agenda 21: six 
pilot provinces (Son La, Thai Nguyen, Ninh Binh, Quang Nam, Lam 
Dong and Ben Tre) and four pilot sectors (agriculture, fishery, 
construction and industry) 
• Mobilise and allocate resources for the implementation of Vietnam 
Agenda 21 
 
National Strategy for 
Environmental Protection 
(NSEP) until 2010 and Visions to 
2020 and 5-year action plans 
• Promote environmental protection, pollution prevention, area-
specific environmental management and biodiversity conservation 
• Land Law 2003 (revised) 
• Law on Environment Protection 
2005 (amended) 
• Law on Water Resources 
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National Biodiversity Action 
Plan to 2010 and Orientations 
towards 2020 
• Conserve terrestrial biodiversity 
• Conserve biodiversity in wetlands and marine areas 
• Conserve and develop agricultural biodiversity 
• Use biological natural resources sustainably 
• Strengthen state-management capacity on biodiversity and biosafety 
• Law on Forest Protection and 
Development 2004 
(implemented through the 
Ministry of Agriculture and 
Rural Development (MARD)) 
• Law on Biodiversity 2009 
• Law on Water Resources 
National Strategy on Climate 
Change for 2050 and Visions to 
2100; National Target Program 
to Respond to Climate Change 
(2008) 
• Focus on construction of coastal breakwaters and irrigation works 
to combat seawater intrusion and high tides 
• Require all sectors and local governments to prepare and implement 
climate-change action plans in their areas of responsibility, as well 
as report on progress 
• Benefits of a Climate Change 
Act are currently being 
considered by the National 
Assembly 
• Law of Electricity 2004 
• Law on Environment Protection 
2005 (amended) 
Second National Strategy and 
Action Plan for Disaster 
Mitigation and Management 
2001–2020 
• Stress importance of coexistence with floods in appropriate 
situations 
• Establish disaster-forecast centres in the north, centre and south of 
the country 
• Construct flood corridors and flood-retention areas in South 
Vietnam 
• Design principally to address short-term climate extremes 
• Disaster Risk Reduction and 
Management Law currently 
under consideration by the 
National Assembly 
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Action Plan on Climate Change 
Response of Agriculture and 
Rural Development (2011) 
• Ensure stable agricultural production and food security, and the 
maintenance of dyke and infrastructure systems 
• Focus on the former Cuu Long and Red River Delta, as well as 
central and mountainous areas 
• Reduce emissions from deforestation and forest degradation 
• Law on Forest Protection and 
Development 2004 
National Target Program on 
Energy Efficiency and 
Conservation for 2006–2015 
• Undertake greenhouse gas mitigation actions 
• Improve energy efficiency in major industries with an objective to 
achieve an eight percent reduction in energy consumption by 2015, 
with emphasis on renewable sources 
• Law of Electricity 2004 
Transport Climate Change 
Action Plan 2011–2015 (2010) 
• Assess climate-change effects on transport infrastructure and 
activities 
• Identify suitable mitigation and adaptation options for transport 
projects 
 
Strategic Environmental 
Assessment, Environmental 
Impact Assessment and 
Environmental Protection 
Commitments 
• Improve capacity for the review of Strategic Environmental 
Assessment, Environmental Impact Assessment and Environmental 
Protection commitments for master plans (socio-economic 
development plans), and large and complex projects in Vietnam 
• Develop capacity of line ministries to review plans and projects for 
environmental issues 
• Decentralise responsibility for smaller projects to provincial 
authorities 
• 2011 Environment Decree 
(Decree 29/2011/ND–CP) 
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Second National Strategy 
for Disaster Mitigation and 
Management in Vietnam to 2020 
and the Ordinances on flood and 
storm control 
• Mandate the creation of provincial and other subnational disaster-
risk management strategies and plans, and establish subordinate 
provincial and district committees for flood and storm control 
• Draft Law on Disaster 
Prevention and Fighting pending 
National Assembly approval in 
2012 
Source: Asian Development Bank (2014) 
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1.4. Climate change and agriculture in Vietnam 
1.4.1. Overview of Vietnam’s agriculture 
After 27 years of reform, agriculture has significantly improved and developed into a 
key economic sector for Vietnam. Despite the rapid rate of industrialisation in the last two 
decades, agriculture remains a major economic sector in Vietnam that generates employment 
and income for a significant part of the population. Between 1995 and 2005, its contribution to 
the economy decreased from 27.2 percent to 20.5 percent; however, 40 percent of the total 
labour force was still employed in the agricultural sector in 2015 (World Bank, 2016). 
With its long coastal line and diverse topography, Vietnam grows a wide variety of 
crops including rice, maize, cassava, sugar cane, coffee and vegetables. However, as 
mentioned, rice is still considered the most important crop and occupies most of the cultivated 
land areas across regions (Table 1.10). Rice production occurs mainly in two major deltas: 
about 52 percent of paddy rice production is from the Mekong Delta, 18 percent in the Red 
River Delta and others in the North-East and North Central Coast (see Table 1.11). In most 
regions, irrigated rice is cultivated in two to three harvests each year due to improved irrigation, 
new rice varieties, new rice technologies and increased triple-cropping in the Mekong Delta 
(GSO, 2009). 
 27 
 
Table 1.10: Harvested areas (in hectare) and crop yields (quintal per hectare) by agro-ecological zones, 2007 
Regions 
Paddy rice Maize Cassava Sugar cane Coffee Vegetables 
Area Yield Area Yield Area Yield Area Yield Area Yield Area Yield 
North-West 157.7 3.6 172 3.1 42.9 9.8 12.1 58.1 3.5 1.6 91.1 11.1 
North-East 552.5 4.6 236 3.2 55.4 13 13.4 48.5 0 0 - - 
Red River Delta 1111.6 5.7 84.7 4.2 7.5 12 2.3 52.3 0 0 158.6 18 
North Central 
Coast 
683.2 4.7 137.3 3.6 58.9 15.4 63.4 57 7 1.6 68.5 9.8 
South Central 
Coast 
375.8 5.1 42.1 4 65.3 15.6 49.8 48.7 1.6 1.1 44 14 
Central 
Highlands 
205 4.2 233.4 4.4 129.9 15.2 33.5 52.5 458.2 2 49 20.2 
South-East 431.6 4.2 126.1 4.6 130.8 21.2 49.4 60.8 36.1 1.4 59.6 13 
Mekong Delta 3683.6 5.1 36.3 5.6 6.3 11.6 66.9 76.3 0 0 164.3 16.6 
Total 7201 5 1067.9 3.8 497 16.1 290.8 59.8 506.4 2 635.1 15.2 
Source: GSO (2009) 
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Table 1.11: Percentage shares of crop production by agro-ecological zone in 2007 
Regions Paddy rice Maize Cassava Sugar 
cane 
Coffee Vegetables 
North-West 18 16 13 22 0 12 
North-East 54 16 15 14 0 13 
Red River Delta 65 4 1 1 0 29 
North Central Coast 36 6 10 41 0 8 
South Central Coast 31 3 17 39 0 10 
Central Highlands 11 14 26 23 12 13 
South-East 20 6 31 33 1 9 
Mekong Delta 70 1 0 19 0 10 
Total production 36 4.1 8 17.4 1 9.6 
Notes: Crop production is aggregated in quintal. 
Source: GSO (2009) 
Vietnam has complex seasonal crop rotations and its crop calendar and patterns vary 
across agro-ecological zones. To cope with the uneven distribution of rainfall, its government 
has invested in irrigation systems to manage water resources for agricultural production. From 
1961–2002, the percentage of irrigated arable land increased significantly from 18 percent to 
70 percent (Table 1.12). Currently, most flatland is under irrigation, with a large percentage of 
crops produced from irrigated land (Stern et al., 2006). 
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Table 1.12: Typical seasonal crop rotations by agro-ecological zone 
Regions Spring crop Summer crop Winter crop 
North-West Spring rice, maize, 
soybean, sweet potato 
Summer rice, maize, 
soybean, vegetables 
Vegetables 
North-East Spring rice, maize, 
soybean 
Summer rice, soybean Maize, soybean, sweet 
potato 
Red River Delta Spring rice, vegetables 
Summer rice, 
vegetables 
Winter rice, vegetables, 
upland crops 
North Central 
Coast 
Spring rice, peanut, 
upland crops 
Summer rice, soybean, 
upland crops 
Vegetables 
South Central 
Coast 
Spring rice, vegetables, 
cotton 
Summer rice, 
vegetables 
Vegetables 
Central 
Highlands 
Winter–spring rice, 
maize, soybean, 
vegetables, cassava 
Summer rice, maize, 
soybean, cotton, 
cassava 
Winter–spring rice, 
upland crops 
South-East 
Spring rice, maize, 
cotton, vegetables, 
upland crops 
Summer rice, maize Autumn–winter rice 
Mekong Delta Rice, vegetables Rice, vegetables Rice, vegetables 
Source: GSO (2009) 
1.4.2. Climate-change effects on crop production 
Climate change and rising sea levels are expected to have significant effects on crop 
yields. By using computable general equilibrium (CGE) models, the World Bank (2010) finds 
that these impacts are likely to be different across regions (Table 1.13), as yield changes vary 
widely across crops and agro-ecological zones under climate-change scenarios. 
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Table 1.13: Potential effects of climate change on crop yields 
Regions Potential effects of climate change without adaptation 
North-West 
Rice yield declines by 11.1 percent to 28.2 percent; yields of other crops decline by 
5.9 percent to 23.5 percent. Generally, a high scenario results in more yield 
reduction than a low scenario; a medium scenario has the least yield reduction. 
North-East 
Rice yield declines by 4.4 percent to 39.6 percent; yields of other crops decline by 
2.7 percent to 38.3 percent. The largest yield reduction occurs with either high or 
low scenarios, depending on crops; a medium scenario has the least yield reduction. 
Red River 
Delta 
Rice yield declines by 7.2 percent to 32.6 percent; yields of other crops decline by 
4.1 percent to 32.9 percent. The largest yield reduction occurs with either high or 
low scenarios, depending on crops; a medium scenario has the least yield reduction. 
North Central 
Coast 
Rice yield declines by 7.2 percent to 32.6 percent; yields of other crops decline by 
4.1 percent to 32.9 percent. The largest yield reduction occurs with either high or 
low scenarios, depending on crops; a medium scenario has the least yield reduction. 
South Central 
Coast 
Rice yield declines by 8.4 percent to 27 percent; yields of other crops decline by 4 
percent to 20.9 percent. Generally, a high scenario results in more yield reduction 
than a low scenario; a medium scenario has the least yield reduction. 
Central 
Highlands 
Rice yield declines by 11.1 percent to 42 percent; yields of other crops decline by 
7.5 percent to 45.8 percent. The largest yield reduction occurs with either high or 
low scenarios, depending on crops; a medium scenario has the least yield reduction. 
South-East 
Rice yield increases by 4.3 percent in a high scenario, remains the same in a low 
scenario and declines by 8.8 percent in a medium scenario. Yields of other crops 
decline by 3 percent to 22.7 percent. The largest yield reduction occurs with any of 
the three scenarios, depending on crops. 
Mekong Delta 
Rice yield declines by 6.3 percent to 12 percent; yields of other crops decline by 3.4 
percent to 26.5 percent. The largest yield reduction can occur under any of the three 
scenarios, depending on crops. 
Source: World Bank (2010) 
For rice, the key factors influencing yields are the projected reduction in run-off in the 
Mekong Delta and the effect of higher temperatures (especially minimum temperatures). With 
a 1°C increase in average temperature, yields are predicted to decline by 0.6 tonnes each 
hectare. The worst yield reductions (for a high scenario) are approximately 12 percent in the 
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Mekong Delta and 24 percent in the Red River Delta. Across regions, the Central Highlands 
tend to have the highest decline in crop yields under both high and low scenarios. At a country 
level, rice yields are expected to decrease between 10 percent and 20 percent by 2050 (World 
Bank, 2010). 
Generally, low scenarios result in lower yield reductions than high scenarios, but there 
are exceptions in the Red River Delta, which has a greater reduction in yields for both the 2030 
and 2050 periods. This is because the wet season has higher increases in minimum and average 
temperatures during the spring rice season in the Red River Delta, which can shorten the 
growing period, thus leading to lower yields (World Bank, 2010). 
As illustrated in Table 1.14, the effects of climate change on production are mostly 
negative in the three scenarios. Specifically, climate change may reduce rice production by 
between two to seven million tonnes each year by 2050. As a chosen scenario, a medium 
scheme generates the smallest effects on crop production. 
Table 1.14: Effect of yield change on production by scenario (million tonnes) 
Year Scenario Rice Maize Cassava Sugar cane Coffee Vegetables 
2030 
High –6.4 –1.1 –1.8 –3.1 –0.4 –1.5 
Low –4 –0.7 –2.1 –1.8 –0.4 –2.4 
Medium –2.2 –0.2 –0.4 –0.8 –0.1 –0.5 
2050 
High –6.7 –1.1 –1.9 –3.7 –0.4 –1.7 
Low –5.8 –1 –2.6 –2.9 –0.4 –3.1 
Medium –3.4 –0.3 –0.6 –1.4 –0.1 –0.9 
Notes: To estimate the yield-change effects on production, World Bank (2010) employs the dynamic 
global vegetation model (DGVM) to compute the effects of climate change and carbon-dioxide 
fertilisation on global yields of major crops at a spatial resolution of 0.5°x0.5°. Yield simulations are 
based on process-based implementations of gross primary production (GPP), maintenance respiration, 
water stress and biomass allocation, dynamically computing the most suitable crop variety and growing 
period in each grid cell. 
Source: World Bank (2010) 
Combined with the extensive inundation of cropland in the rainy season and increased 
salinity intrusion in the dry season, it is estimated that a 30 cm rise in sea level by 2050 will 
result in a loss of 193,000 ha of rice area due to inundation and 294,000 ha due to salinity 
intrusion in the Mekong Delta. At current yields, this loss of rice area will lead to an 
approximate 2.6 million-tonne decline in rice production each year—this is more than 13 
percent of today’s rice production in the Mekong Delta. Even with adaptation strategies, the 
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total loss of paddy rice due to sea-level rise will be approximately 2–2.5 million tonnes in 2050 
(Table 1.15). The same results are found in other research using agronomic simulation models 
(Nguyen, Vu, & Nguyen, 2007; Phung, 2012). 
Table 1.15: Effects of climate change on production by scenario (million tonnes) 
Climate 
scenario 
Paddy rice 
Maize 
yields 
Cassava 
yields 
Sugar-
cane 
yields 
Coffee 
yields 
Vegetable 
yields Yields Sea level Total 
High –6.7 –2.4 –9.1 –1.1 –1.9 –3.7 –0.4 –1.7 
Low –5.8 –2.5 –8.4 –1 –2.6 –2.9 –0.4 –3.1 
Medium –3.4 –2.4 –5.8 –0.3 –0.6 –1.4 –0.1 –0.9 
Source: World Bank (2010) 
On average, most studies have shown that climate change has a negative effect on 
specific crops in Vietnam. However, there are some limitations in this research. In fact, farming 
involves a continuous process of adaptation, depending on weather, technology and economic 
influences. Thus, studying specific crops does not provide the total effects of climate change 
on agriculture. Conversely, the agronomic models used in some studies (e.g., Nguyen et al., 
2007) based on controlled experiments often ignore the specific characteristics of farmers and 
changes in price, while other studies (e.g., World Bank, 2010) using a CGE approach have 
difficulties relating to model specification and data consistency in Vietnam. Therefore, it is 
essential to apply a different approach to address these shortcomings. 
1.5. Thesis outline and contributions 
Scientific evidence has shown that the growing rate of greenhouse gas emissions due 
to human activity will cause higher temperatures, more irregular precipitation patterns, and 
higher frequency of natural disasters. Since temperature and rainfall are direct inputs to 
agricultural activity, climate change poses serious threats to the agricultural productions of 
farmers, especially in developing countries.1 Those changes in climatic conditions, along with 
occurrence of extreme events, are also expected to adversely affect well-being of households. 
The case study in this thesis is Vietnam, as motivated by the fact that it is among the top five 
countries most vulnerable to climate change. 
 
1 This thesis does not examine the impact of sea level rise since this information is not available in Vietnam. 
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So far, little discussion has been made on the economic impacts of climate change in 
Vietnam. Therefore, this thesis contributes to the literature by providing empirical evidence of 
its effects and the climatic shocks on its nation’s farmers. The findings from this study are 
expected to generate policy implications for supporting climate-change adaptive strategies, 
which are beneficial to Vietnam’s policymakers. These implications can also be applied to 
other contexts in developing nations, especially in countries that experience adversity from 
climate change. 
Climate change, in the scope of this thesis, is defined as a significant variation of 
weather conditions (e.g. temperature, precipitation, humidity) from its average pattern over a 
long period of time (United Nations, 1992). It is manifested by an increase in temperature, 
abnormal changes in rainfall patterns, and high frequency of natural disasters (Solomon et al., 
2007). Following this definition, the thesis employs different measures of climate change, such 
as long-term change in climatic conditions, climatic shocks, and natural disasters. These 
measures have been widely used in previous studies (Maccini and Yang, 2009; Mendelsohn et 
al., 1994; Schlenker et al., 2005). In addition, the variation in climatic variables in recent 
decades can provide important insights into the potential impacts of climate change in the 
future. 
This thesis is divided into six chapters. Chapter 2 examines farm household-level 
effects of climate change by examining the relationship between climatic variables and 
Vietnam’s agricultural output. It is expected that temperature increases and abnormal rainfall 
patterns will have significant effects on crop production. This chapter contributes to the 
existing literature by examining the impacts of climate change on regions within a country 
rather than the impacts at the country level. While existing studies have been constrained by 
the use of cross-sectional data, this chapter utilises rich panel data of households which enable 
an analysis of different types of irrigation techniques available to households, specifically rain-
fed farms versus irrigated-farms. The Ricardian method, suggested by Mendelsohn, Nordhaus, 
and Shaw (1994), is applied to panel data that accounts for both adaptation strategies and 
household characteristics. This chapter proposes a two-stage Hsiao model to correct for 
collinearity between climatic variables and individual effects (Hsiao, 2014). This chapter also 
combines the estimated results with future climate scenarios to predict how future climate 
changes will affect farmers on aggregate. 
Chapter 3 investigates the effects of climatic shocks on migration in Vietnam using 
household data covering the period between 2006 and 2008. It is possible that households in 
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regions affected by natural disasters will be coerced to relocate. The hypothesis in this chapter 
is that an increase in the damage from disasters increases the probability of migration. This 
chapter contributes to the literature by adopting an innovative econometric approach that 
examines the direct effects of a migration shock, as well as its indirect effects through a 
reduction in agricultural output. As the second contribution, this chapter examines the severity 
of natural disasters by using the number of deaths, injuries, houses damaged and houses 
destroyed. This is a departure from existing studies which use the occurrence of natural 
disasters. Finally, this chapter also evaluates the effectiveness of government support program 
to provide policy implications. 
Chapter 4 aims to study the effects of climatic shocks on child health in Vietnam. It is 
understood from the literature that children who suffer extreme weather events have lower 
health indicators. Relying on the panel data for child health from Young Lives (an international 
research project) and the average rainfall data across 45 years, this chapter contributes to the 
literature by exploring a new potential mechanism that may affect child health. It argues that 
pressures from rainfall shocks are associated with poorer parental mental health, which in turn 
can result in adverse impacts on children’s physical health. This chapter also makes an 
important contribution to the measurement of rainfall shocks by exploiting high frequency 
gridded information on rainfall to create a commune-by-month weather dataset. 
Chapter 5 examines the effectiveness of support programs in post-disaster periods. 
Specifically, this chapter focuses on political connections in Vietnam, which are proven to lead 
to corruption, favouritism and the pursuit of self-interest. It contributes to the literature by 
examining a country that is not a democracy as well as looking at the relative impacts of 
different types of political connections. This chapter also uses broader definitions of political 
connectedness than those used in previous studies. Using commune-level data for the period 
between 2012 and 2014, and a number of alternative econometric specifications, this chapter 
investigates whether having political connections is associated with post-disaster support from 
governmental authorities.  
Chapter 6 concludes by connecting the main themes of this research, as well as 
summarising its main findings. This chapter also discusses limitations and implications of the 
thesis and provides suggestions for further research. 
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CHAPTER 2 – MEASURING THE IMPACT OF CLIMATE 
CHANGE ON AGRICULTURE IN VIETNAM 
 
2.1. Introduction 
As discussed in chapter one, scientific evidence has shown that the growing rate of 
greenhouse gas emissions due to human activities will cause higher temperatures and more 
irregular precipitation patterns. Since temperature and rainfall are direct inputs into agricultural 
activities, this sector has been considered to be most affected by climate change. There is a 
large literature using different methods to study the impact of climate change on agriculture. 
While a few studies have found a positive impact of global warming on agriculture (Burke et 
al., 2015; Burke et al., 2018), results from most studies, both for developed and developing 
countries, highlight a negative effect of climate change on farm net revenue (revenue minus 
costs), the main proxy for agricultural productivity in economic studies. 
This chapter examines farm household-level impacts of climate change by examining 
the relationship between climatic variables and Vietnamese agricultural output. It contributes 
to the existing literature in a number of ways. Firstly, it examines the impacts of climate change 
on regions within a country rather than the impacts at the country level. This is a departure 
from existing studies which assume the impacts will be the same for often diverse geographic 
areas. Vietnam, in particular, is characterised by different climatic zones. The variability in 
climate and topography determines livelihoods and key economic outcomes and can dictate the 
set of coping mechanisms available to households when dealing with shocks. A regional 
approach is therefore better able to highlight how heterogeneous groups within vulnerable 
countries deal with a changing climate.  
Secondly, this chapter utilises rich panel data for 16,000 farm households. Existing 
studies in the economic literature have been constrained by the use of cross-sectional data.2 
Panel data allows the empirical model to include controls for (omitted) time-invariant 
household-level characteristics that could affect farm profitability, as well as controls for 
covariate shocks that might affect all farms in a given year. The data also enable an analysis of 
 
2 While a large number of studies in different disciplines has studied climate change using temporal data, such 
study in the context of economic literature is spare. 
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different types of irrigation techniques available to households, specifically rain-fed farms 
versus irrigated-farms.  
Finally, this chapter makes a methodological contribution. It adopts a two-stage Hsiao 
approach to correct for collinearity between the climatic variables and individual farm effects. 
One common problem for existing studies of climate change is the correlation between 
unobservable variables captured in the error term and climatic variables. By failing to address 
this issue, estimation of parameter is more likely to be biased and inconsistent. In the first stage 
of the Hsiao approach, net revenue from crop production is regressed on time varying variables 
using a covariance method controlling for regional fixed effects. In the second stage, the time-
mean residuals are regressed on time invariant variables using weighted least squares. The 
estimated results are combined with future climate scenarios to predict how future changes in 
climate would affect farmers. 
The rest of this chapter is structured as follows. Section 2.2 introduces briefly the 
cropping system in Vietnam under the impact of climate change. Section 2.3 explores different 
methods used by studies to estimate the impact of climate change on agriculture. It examines 
the advantages and disadvantages of these methods, and discusses the empirical studies using 
the Ricardian approach. Section 2.4 provides details on the methodology and the data employed 
in the analysis. Section 2.5 then discusses the results and Section 2.6 provides the conclusion. 
2.2. Background of agriculture in Vietnam under the impact of climate 
change 
In Vietnam, one of the five most vulnerable countries to climate change, agriculture has 
played a pivotal role in economic development. Agricultural output grew at a steady pace of 
more than four percent per year in the period 1996–2010 with more than two-thirds of the rural 
labor force involved in agricultural activities (World Bank, 2010). Agriculture is considered to 
be one of the most climate-change affected sectors due to its direct exposure to, and dependence 
on, weather and other natural conditions. With the prediction that temperatures will rise and 
rainfall patterns will vary abnormally, it is clear that climate change will pose a significant 
impact on agriculture and farmer livelihoods in the coming decades. 
Despite the rapid rate of industrialization in the last two decades, agriculture remains a 
major economic sector in Vietnam. This sector generates employment and income for a 
significant part of the population (World Bank, 2010). With a long coast line and diverse 
topography, Vietnam grows a wide variety of crops such as rice, maize, cassava, sugarcane and 
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coffee. Rice is still considered as the most important crop and occupies most of the cultivated 
land areas across regions (see Table 1.10, Chapter 1). 
Vietnam has complex seasonal crop rotations, while the crop calendar and patterns vary 
across agro-ecological zones. Agriculture in North Vietnam is characterized by high elevation 
and severe winters. Most of the agricultural activities, therefore, concentrate on the lowland 
areas of the Red River Delta with one main crop in the wet season. In contrast, the Central 
region of Vietnam has an average altitude of 500-600 m with basalt soil, providing suitable 
conditions for planting cassava and coffee. The Mekong Delta, among the great rice-producing 
regions of the world, is the dominant agricultural region of the South. With an extensive system 
of transportation and drainage, crop rotation is applied in both the wet season and the dry season 
(see Table 1.12, Chapter 1).  
With both a direct effect on crop production and indirect effect through changes in 
irrigation, the impact of climate change on agriculture could result in a reduction of 0.7–2.4 
percent of total GDP in 2050 (World Bank, 2010). An increase in minimum and average 
temperatures during the rice season is likely to shorten the growing period, leading to lower 
yields. Also, the extensive inundation of cropland caused by a high level of precipitation during 
the wet season will lead to a serious loss of arable land.  
Due to the diversity in topography, it is likely that the impacts of climate change will 
be different across regions. Figures 2.1 and 2.2 describe the relationship between crop yield 
and climatic variables over the period 2004–2012. There is also a difference between rain-fed 
farms and irrigated farms. Given the specific temperature and rainfall level, it can be shown 
that rain-fed farms in the South have a higher level of crop yield than those in the North and 
Central regions. However, irrigated farms in the North are more efficient than those in the other 
regions, given the specific level of temperature from 150C to 240C. These findings suggest that 
the impact of climate change on agriculture should be considered by region, as well as by 
different types of irrigation. 
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Figure 2.1: Relationship between crop yield and temperature over the period 2004–2012 
 
Figure 2.2: Relationship between crop yield and rainfall over the period 2004–2012 
2.3. Literature review 
This section reviews the theoretical and empirical studies that assess the economic 
impact of climate change on agriculture. The review includes different methodologies which 
are used most widely and frequently. The Ricardian method is highlighted as the most 
appropriate model to determine the relationship between climate change and its impact on the 
agricultural sector.  
2.3.1. Computable General Equilibrium (CGE) models 
According to the report of IPCC in 2007, measuring the impact of climate change has 
become an urgent task in both developed and developing countries (Solomon et al., 2007). In 
 40 
 
response, there have been a considerable number of studies examining the economic impact of 
climate change on different sectors. The sector that has attracted the most attention is 
agriculture because it is highly sensitive to weather conditions, and therefore, extremely 
vulnerable to climate change.  
Computable General Equilibrium (CGE) models look at how the economic system 
(industry, factors of production, institutions and international economic conditions) as a whole 
is affected by expected changes in key climate variables, such as temperature and rainfall. Most 
studies applying CGE models make an assumption that other economic sectors, beyond 
agricultural value chains, will have indirect effects on income and consumption due to climate 
change. Therefore, interactions between these sectors should be taken into account when 
assessing the impact of climate change on agriculture. 
For the case of Vietnam, the World Bank (2010) uses a CGE model to measure the 
impact of climate change on the whole economy as well as on the agricultural sector. The study 
predicts that total GDP in 2050 will be 2.4 percent lower due to climate change under the 
medium scenario (see Chapter 1). Furthermore, agricultural value-added will decrease by 5.4 
percent. However, this is likely to be offset by an increase in value-added in industry and 
services, similar to the case of China (Ding et al., 2006).  
CGE modeling has a number of important shortcomings. The first limitation is that the 
approach aggregates different sectors with specific economic and spatial dimensions into a 
single entity. Agriculture, for instance, is generally treated as an aggregate sector at the national 
level without considering its local specificities. This treatment, as a result, can underestimate 
(or overestimate) the impact of climate change on agriculture. In addition, CGE models also 
ignore the capacity of farmers to adapt to climate change by switching crops or acquiring new 
skills and competencies (Wang et al., 2009). For example, the World Bank (2010) assumes that 
farmers will only produce rice, maize and sugarcane. However, evidence suggests that farmers 
often switch from one crop to another crop in order to cope with climate variability and shocks 
(ISPONRE, 2009). 
With consideration given only to one part of an overall economy such as a single market 
or single sector, another branch of studies has used partial equilibrium models to assess the 
economic impact of climate change. This approach can be divided into two specific models: 
crop simulation models and Ricardian hedonic models. 
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2.3.2. Crop simulation models 
Crop simulation models are also called “agriculture oriented” models because of their 
focus on biological and ecological impacts of climate change on crops and soils (Mendelsohn 
& Nordhaus, 1999). The core idea of this approach is to use controlled dynamic physiological 
processes of a specific crop, like a complex production function, to simulate yield given 
exogenous weather, nutrient and other input requirements. One important assumption of this 
method is the “dumb-farmer” hypothesis, which excludes the plausible adoption by farmers of 
strategies for choosing the most profitable crop.  
The results of crop simulation modeling vary significantly depending on the underlying 
processes simulated by crop models. Focusing on the soil process which balances nutrition 
transformations, Torriani et al. (2007) quantify the impact of CO2 concentration on specific 
crops in Switzerland and show that the yields of maize and canola will decrease, while the yield 
of wheat will increase. In Thailand, Kawasaki and Herath (2011) focus on hydrological 
processes affecting water resources and find that increases in temperature will reduce rice 
production in both the dry season and wet season, while the impact of rainfall is insignificant. 
Other studies using the nitrogen fixation process, such as Dasgupta et al. (2014) in Bangladesh 
and Kelbore (2012) in Ethiopia, also provide different results on the relationship between 
climate change and crop yields.  
In Vietnam, Yu et al. (2010) consider the hydrological process for a crop simulation 
model to assess the impact of climate change on rice production. This research also includes 
farmers’ characteristics, such as gender and education, based on the Vietnam Household Living 
Standards Surveys (VHLSS) in 2004 and 2006. The study finds that annual rice production 
will fall by about 2.7 million tons in 2050 due to climate change. Across regions, the yield 
decline is estimated to be 4.3–8.3 percent by 2050 in the Mekong River Delta, and 7.5–19.1 
percent in the Red River Delta. Using the VHLSS in 2010, To et al. (2012) examine the impact 
of climate change on rice production in the Mekong River Delta. Under the presumption of no 
adaptation, this research estimates that rice farmers would suffer larger losses of up to 15 
percent compared to average net rice revenues in 2008. 
As mentioned above, the main weakness of CGE and crop simulation models is that 
they focus on a specific crop and do not consider the adaptability response of farmers. As a 
result, this method will overestimate the negative impact of climate change on crop revenue. 
Figure 2.3 illustrates the issue. Crop 1 and crop 2 reveal the relation between net revenue per 
 42 
 
hectare and temperature, under the assumption that the influence of precipitation and other 
exogenous determinants of revenue have been controlled for. Crop 1 will maximize revenue 
between T1 and T2, while crop 2 will maximize revenue between T2 and T3. If temperature 
increases from T1 to T3, the change in revenue will be C’ – A. However, a rational farmer will 
switch production from crop 1 to crop 2, leading to a change in revenue from C’ to C. Because 
CGE and crop simulation approaches do not consider the adaptability response of farmers, the 
estimated results will not fully reflect the impact of climate change on their crop revenues. 
 
 
 
 
 
 
 
Figure 2.3: Theoretical relation between net revenue per hectare and temperature 
Source: Author’s calculation  
2.3.3. Ricardian hedonic models 
To overcome this limitation, Mendelsohn et al. (1994) propose an approach that 
captures the influence of economic, climatic, and environmental factors on the value of 
agricultural lands. The method is called “Ricardian method” after the 19th century classical 
economist David Ricardo (1772–1823) observed that land values would reflect land 
profitability within a perfectly competitive market. The basic idea of this method is that farmers 
aim to maximize their revenue through a specific combination of outputs and inputs, given the 
values of exogenous variables such as climate, soil and other constraints outside their control. 
Therefore, the present value of the current stream and future revenues will be equal to the land 
value. 
The main advantage of the Ricardian method is that it implicitly considers efficient 
adaptation of farming activities to environmental, economic or climatic changes. Farmers adapt 
to climate change to maximize profit by changing the crop mix, planting and harvesting dates 
and a host of other agronomic and husbandry practices. Moreover, since land values contain 
0 
● ● 
● 
● 
  T1     T2         T3            Temperature 
 
 
A 
B 
C 
C’ 
Crop 2 
function Crop 1 
function 
Adaptation 
function 
Net 
revenue 
per 
hectare 
 43 
 
information on the value of climate attributed to land productivity, by regressing farmland 
value on environmental, socio-economic and other factors, Ricardian studies can determine the 
marginal contribution of each input to farmers’ income as capitalized in land value.  
 Mendelsohn et al. (1994), the seminal study that uses this approach, regress annual 
cropland value per acre for counties across the United States on a number of climate and other 
control variables. They assume (i) a perfectly competitive market for outputs and inputs, and 
(ii) the interest rate, rate of capital gains and capital per acre are equal for all plots of land. The 
authors also hypothesize a quadratic relationship between net profit and climatic variables, 
proxied by the long-run averages of temperature and precipitation measured during the period 
1951–1990. Their estimates indicate that climate change impacts in the United States range 
from a loss of $5.8 billion to a gain of $36.6 billion. These results are dependent on the type of 
model and climate scenario used in the analysis. 
 Mendelsohn et al. (1994) spark an animated debate about the validity of the Ricardian 
approach. Cline (1996), for example, argues that ignoring irrigation modeling is problematic 
because irrigation is a substitute for precipitation and involves substantial capital investments 
which may increase the purchase price and value of land. Therefore, the omission of irrigation 
from the original analysis can lead to an incorrect estimation of climate parameters’ signs and 
magnitude. Mendelsohn and Nordhaus (1999) respond to these criticisms by taking into 
account the effect of irrigation as a constant term in the hedonic function. By introducing 
irrigation explicitly, the model can control for the additional investments. The estimated results 
show that marginal effect of an increase in temperature changes yields by -$17/acre to +$4/acre, 
while the marginal effect of an increase in precipitation increases yields by between $123/acre 
to $218/acre. Accordingly, including irrigation as a dummy variable in the Ricardian model 
increases the beneficial effect of higher temperatures and precipitation. 
However, Schlenker, Hanemann, and Fisher (2005) show that the formulation 
suggested by Mendelsohn and Nordhaus (1999) fails to account for different climates and 
access to irrigation. They estimate separate regressions for rain-fed and irrigated lands, 
demonstrating that the Ricardian function differs in the presence and absence of irrigation, 
especially as it concerns the parameters related to climatic variables. They recommend that 
future studies on the economic effect of climate change on agriculture need to assess different 
variables for dry land and irrigated areas in their model specifications. 
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In turn, Schlenker et al. (2005) are criticized because they treat irrigation as an 
exogenous variable. Kurukulasuriya and Mendelsohn (2008) promote the use of a “structural 
Ricardian model” to take irrigation into account as an endogenous variable. In this research, 
the authors first develop a choice model of irrigation to examine how climate affects the 
decision to employ irrigation and then how climate affects net revenues of dry lands and 
irrigated lands. The data in this study consist of 8,400 farmers in 11 African countries. 
Estimated results show that a 10 percent increase in temperature will lead to a loss in net 
revenues of 8.2 percent. Irrigated farms, in contrast, are more resilient to temperature change 
and, on the margin, are likely to realize slight gains in productivity. Although the structural 
Ricardian model solves the problem of irrigation, this approach has not been applied widely 
since the data on rain-ed farms and irrigated farms are often not available (Wang et al., 2009). 
As such, data availability is most commonly a significant difficulty affecting the 
estimation of Ricardian models. For example, while in Mendelsohn et al. (1994), land price is 
used as a dependent variable to regress on climate and control variables, data on land price is 
not always available, especially in developing countries (Wang et al., 2009). However, since 
data about farm activities are often easily accessible, later studies use net revenue instead of 
land price as the dependent variable (Deschenes & Greenstone, 2007; Le et al., 2015; Massetti 
& Mendelsohn, 2011). Net revenue is calculated by subtracting all costs from total sales, and 
then dividing by agricultural land. The use of net revenue makes it possible to include in the 
analysis control variables such as proxies for farmers’ strategies for coping and to control for 
climate change effects on profits. Examining the choice of dependent variable, Wang et al. 
(2009) argue that net revenue is a more robust measure of land productivity than land price 
because it does not depend on discount rate assumptions about future revenues. 
Recently, scientific debate has focused on the flexibility of functional form for the 
estimation of Ricardian models. In most Ricardian studies, a linear dependent variable has been 
used to regress on climate variables. However, recent studies propose the use of net revenue in 
the logarithm form (Massetti & Mendelsohn, 2011; Van Passel, Massetti, & Mendelsohn, 
2017). To test whether the linear model or log-linear model is most suitable, De Salvo, 
Raffaelli, and Moser (2013) compare the ratio of predicted value to actual value and find that 
the log-linear model has a more uniform predictive power compared to the linear model.  
The final concern with the traditional Ricardian model is that this technique has almost 
always been applied to a single year of data using cross sectional analysis. If the objective is to 
measure long-term impact of climate change on agriculture, using cross sectional regression 
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for single year does not lead to reliable results over time (Deschênes & Greenstone, 2007; 
Massetti & Mendelsohn, 2011). If data are available for a long period, using repeated cross-
sectional data will not exploit the inter-temporal dimension of the panel. Therefore, Deschênes 
and Greenstone (2007) apply the Ricardian model to panel data for the US over the period 1978 
to 2002. Using a fixed effects model to regress net revenue on temperature, precipitation and 
other control variables, the results show that climate change will lead to a $1.3 billion increase 
in annual profit. These findings appear to contradict the popular view that climate change has 
substantial negative impacts on US agriculture. 
To date, the only economic study using Ricardian approach in Vietnam is Le et al. 
(2015). In this research, the authors use cross sectional data of 320 households in three 
provinces of Mekong River Delta in order to examine the effect of climate variability on net 
revenue. The estimated results imply that increases in temperature have a negative effect on 
yields in both dry season and wet season. In contrast, increases in precipitation have a positive 
effect in both dry season and wet season. For the whole year, a 1°C rise in temperature will 
decrease net revenue by VND 20,367/ha, while 1mm rise in precipitation will increase net 
revenue by VND 32,095/ha. Le et al. (2015) therefore conclude that the harmful impact of 
global warming on agricultural production is not as high as that found in other studies.  
However, there is a number of shortcomings with Le et al. (2015) that could bias their 
results. The first limitation is the availability of data. The small sample size (320 households 
across three provinces in one region) is unlikely to sufficiently provide enough household-level 
heterogeneity to properly underpin the relationship between climate change and agriculture 
production in Vietnam. More specifically, since Vietnam’s climate can be divided into three 
climate zones, the impact of climate change on each region should be different. In addition, Le 
et al. (2015) derive data on temperature and precipitation only for 2010. Therefore, the results 
will not reflect the long-term impact of climate, which is measured as the average of climate 
variables over a 30 year period (Solomon et al., 2007). Another shortcoming relates to the use 
of cross-sectional regression. As argued by Massetti and Mendelsohn (2011), applying 
Ricardian approach to just a single year of data does not provide reliable results over time.   
To overcome these limitations, this chapter applies the Ricardian model to examine 
household-level impacts of climate change over the period 2004–2012 using national 
household surveys in Vietnam. To address the problem of partial correlation between 
individual fixed effects and climatic variables, this study proposes the two-stage Hsiao model. 
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The average 65 years of monthly temperature and precipitation are taken into account to reflect 
the long-term impact of climate.  
2.4. Model specification and data 
This section describes the conceptual and econometric frameworks of the Ricardian 
model that will be used to examine the impact of climate change on agriculture in Vietnam. It 
begins by providing detailed analysis of the original Ricardian model. The next part presents 
the econometric specification with cross sectional data, panel data and the Hsiao technique. 
The final part introduces the data used. 
2.4.1. A conceptual perspective of Ricardian model 
In the original Ricardian model, it is assumed that there is a set of well-behaved 
production functions which link purchased inputs and environmental inputs into output of a 
farm at certain location: 
  Qi = Qi (Ki, E)    i=1,…, n (2.1) 
K = (K1,…,Kj,…,KJ)   j=1,…, J (2.2) 
E  = (E1,…, El,…, EL)             l=1,…, L (2.3) 
where Qi is the quantity produced of good i, K is a vector of production inputs j used to produce 
Qi, E is a vector of exogenous environmental factors l, such as temperature, precipitation, soil 
and other geographic factors. There is a non-linear relationship between output Qi and climate 
variables E, as illustrated in Figure 2.4. When other variables are constant, increases in 
temperature lead to higher output (δQ/δE > 0) up to specific point (T*) where further increases 
in temperature damage the crop (δQ/δE < 0).  
 
 
 
 
 
 
 
 47 
 
 
 
 
 
 
 
 
Figure 2.4: Impact of environmental variable on net revenue 
Source: Author’s calculation  
With a vector of factor prices W, the cost function is given as follows: 
Ci = Ci(Qi, W, E)  i=1,…,n  (2.4) 
W = (W1,…,Wj,…,WJ) j=1,…,J        (2.5) 
where Ci is the production cost of good i. There is also a non-linear relationship between 
production cost and environmental factors. If δC/δE < 0, increases in environmental factors 
(e.g. higher precipitation) will reduce the cost of production (e.g. lower irrigation cost), 
consequently increasing farmers’ net revenue. In contrast, if δC/δE > 0, increases in 
environmental factors (e.g. higher temperature) will increase evaporation, thereby increasing 
total irrigation costs.  
Using production function and cost function, the profit function which represents the 
relationship between net revenue and climate variables can be specified as: 
 = [PiQi (K, E) – Ci(Qi, W, E)]  (2.6) 
where Pi is the price of output i. Following Mendelsohn et al. (1994), farm land of crop i (Li) 
is considered to be an input and distinct from the environmental inputs (E). Li is also assumed 
to be heterogeneous with the annual cost (or rent) of land (PL). At a given location and market 
prices, profit maximization by farmers is thus specified as: 
Max  = [PiQi (K, E) – Ci(Qi, W, E) – PLLi]  (2.7) 
With perfect competition for land, free entry and exit will ensure that excess profits are 
driven to zero: 
p
p
Net 
revenue  
Temperature  
δQ/δE >0 
δQ/δE < 0 
T*  
 48 
 
PiQi* (K, E) – Ci(Qi*, W, E) – PLLi = 0   (2.8) 
Solving for PL from (2.8) gives: 
  PL = [PiQi* (K, E) – Ci(Qi*, W, E)]/Li                                     (2.9) 
Equation (2.9) demonstrates that the annual cost (or rent) of land (PL) will be equal to 
net revenue per unit of land. In the long run, farmers will have differently optimal levels of 
revenue in different climatic conditions. The change of these optimal levels will be reflected in 
the change of the annual cost (or rent) of land (PL). The value of land (VL), which is calculated 
by the present value of the current stream and future PL, will capture these adaptations: 
VL = ∫PLe-rtdt =  ∫[PiQi* (K, E) – Ci(Qi*, W, E)]/Li e-rtdt          (2.10) 
where r is discount rate and t is time. Equation (2.10) is the basis of Ricardian model. Thus, 
from equation (2.10), the economic impact of climate change on farmers’ production can be 
measured by the change in land value.  
2.4.2. Econometric models specification 
From equation (2.10), farmers will maximize their net revenue by choosing production 
inputs given climate, soil, geographic variables, market prices and other exogenous socio-
economic conditions. All of these factors can be grouped into a vector of time varying variables 
(X), a vector of time invariant control variables (Z) and a vector of climate variables (C).3 The 
reduced form model thus will be: 
V = ƒ(X, Z, C)               (2.11) 
Traditionally, equation (2.11) is estimated using a cross sectional model of the 
following form: 
  Vi = αi + βXi + γZi + δCi + εi                   (2.12)  
where i represents an individual farmer, while α, β, γ, δ are the estimated coefficients. In the 
regression model (2.12), the climate variables Ci also include squared terms to reflect the non-
linear relationship between land value and climate. Land values are not available for Vietnam. 
Therefore, this chapter follows Massetti and Mendelsohn (2011) and uses net revenue as the 
dependent variable. The coefficient δ will represent the impact of climate change on farmers’ 
net revenue.  
 
3 Note that C represent climate variable but not production cost used in previous discussion. 
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When data are available for different years, this chapter uses repeated cross sections to 
measure the impact of climate change on net revenue. The model (2.12) will be specified as: 
Vi,t = αi,t + βtXi,t + γtZi + δtCi + εi,t            (2.13)  
i = 1,…, N 
t = 1,…, T 
In equation (2.13), the estimated coefficients are allowed to vary over time. However, 
climate change is considered to be a long-term phenomenon, which is often the variability of 
weather over a 30 year period (Solomon et al., 2007). Therefore, different values of δ over the 
years will be insignificant. This limitation can be corrected by using panel data which is 
specified as: 
Vi,t = α + βXi,t + γZi + δCi + εi,t                      (2.14) 
Equation (2.14) shows a large number of factors that could affect farmers’ net revenue, 
but have not been explicitly included as independent variables. The error term is then 
decomposed into three terms: 
                         εi,t =  μi +λt + ui,t        (2.15) 
where μi is the individual effects, λt is the time effects and ui,t is the random disturbance. μi 
controls for omitted time-invariant household-level variables that could affect farm 
profitability, while λt controls for covariate shocks that affect all farms within Vietnam in a 
given year, such as changes in macro-level policy. Thus, equation (2.14) is now rewritten as: 
Vi,t = α + βXi,t + γZi + δCi + μi +λt + ui,t    (2.16) 
Using a log-linear model, De Salvo et al. (2013) propose to use the log of net revenue 
as the dependent variable, specified as: 
lnVi,t = α + βXi,t + γZi + δCi + μi +λt + ui,t                     (2.17) 
In empirical studies of natural phenomena, there is a common problem that the 
individual effects (μi) are correlated with the climate variables. In fact, if μi are fixed constants, 
model (2.16) and (2.17) will be subject to perfect multi-collinearity because Ci = (C1, C2…, CN).  
To resolve this issue, this chapter applies the Hsiao two-stage model (Hsiao, 2014) to 
estimate β. In the first stage, net revenue is regressed on the household characteristics (age, 
gender, level of education, household size and water usage) using the covariance method with 
fixed effects. By including fixed effects, the first stage in the Hsiao model does a better job 
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(than the pooled model) of controlling for omitted spatial variables. In the second stage, the 
time-mean residuals from stage one are regressed on climate variables and geographic 
variables. Following Schlenker et al. (2005), this study estimates separate regressions for 
irrigated and rain-fed households. The estimated results are presented in Section 2.5. 
2.4.3. Data 
The climate data used in this chapter consists of monthly temperatures and monthly 
precipitation from the Gridded Monthly Time Series (Version 4.01) dataset (GMTS) developed 
by the Centre for Climatic Research, University of Delaware. This dataset contains global 
historical estimates of temperature and rainfall for a grid of 0.5 degree by 0.5 degree of latitude 
and longitude, where the grid nodes are centred on 0.25 degree. Each grid, thus will cover the 
area of 50 square kilometers. These climate data are then matched with the household data at 
commune level using the four closest grid points in the GMTS dataset. This chapter uses the 
administrative map of Vietnam to determine longitude and latitude for each commune. In order 
to reflect the long-term impacts of climate change, monthly temperature and monthly 
precipitation data are collected over the 65-year period 1950–2014. As typical of monsoonal 
tropical regions, the monthly data are averaged into two seasons: the dry season (November to 
April) and the wet season (May to October). 
The socioeconomic data used in the study come from the Vietnam Household Living 
Standard Survey (VHLSS) from 2004 to 2012. The matched sample covers more than 16,000 
farm households in 37 provinces. Since data on land value are not available, farm’s net revenue 
is used as the dependent variable. Net revenue is gross crop revenue (or total sales for each 
crop) less all cost, divided by agricultural land. The values of total sales and total expenditures 
are converted into constant (2000) prices using the CPI.  
The data set also includes a number of specific farmer characteristics. These variables 
are important from a theoretical point of view since they control for fixed factors that belong 
in the Ricardian regressions. In addition to information about climate and socioeconomic 
conditions, the characteristics of soils are also important determinants of net crop revenue. To 
account for soil quality, this chapter uses the soil map of Vietnam provided by the Vietnam 
Ministry of Natural Resources and Environment. There are three major soil types: Acid sulfate 
soil, Ferralitic soil, and Sandy soil. Other geographic variables, such as elevation and distance 
to township, are also included in the model. Table 2.1 and Table 2.2 summarize the variables 
used in this chapter and their descriptive statistics: 
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Table 2.1: List of variables 
Variables Measurement 
Explanatory variable  
Net revenue per square meter 
= (Total sales – Total cost)/Farmland 
Thousand VND/squared meter 
Converted to constant 2000 prices using the CPI 
Climate variables:  
Dry season temperature Degrees celsius 
Wet season temperature Degrees celsius 
Dry season precipitation Millimeters 
Wet season precipitation Millimeters 
Soil variables  
Acid sulfate soil = 1 if yes 
Ferralitic soil = 1 if yes 
Sandy soil = 1 if yes 
Other geographic variables:   
Distance to township Kilometers 
Elevation Metres 
Household characteristic variables:  
Level of education (household head)  
- Primary = 1 if yes 
- Secondary = 1 if yes 
- High school = 1 if yes 
- University or higher = 1 if yes 
Household size  
Age of household head  
Gender of household head  = 0 if female, =1 if male 
Other variables:  
Region   
- North = 1 if yes 
- Central region = 1 if yes 
- South = 1 if yes 
Year (dummy) 2004, 2006, 2008, 2010, 2012  
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Table 2.2: Descriptive statistics of main variables 
Variable Mean Std. Dev. Min Max 
Dependent variable     
Net revenue per square meter 3.78 11.28 -86.84 529.97 
Climate variables     
Dry season temperature 21.20 3.57 11.83 27.33 
Wet season temperature 26.46 2.46 18.50 29.00 
Dry season precipitation 78.14 51.18 27.50 233.33 
Wet season precipitation 238.93 58.17 108.33 413.50 
Household characteristic variables     
Household size 4.16 1.58 1 15 
Age of household’s head 48.03 13.71 18 98 
Geographic variables     
Elevation 272.66 437.27 0.1 1640 
Distance to township 192.07 129.94 0 439 
Source: Vietnam Household Living Standard Surveys (2004, 2006, 2008, 2010, 2012). 
2.5. Results  
This section shows the estimates of a set of Ricardian models to investigate the impact 
of climate variables on farmers’ net revenue in Vietnam during the period 2004–2012. There 
are two samples: farms that are irrigated and farms that are rain-fed. The first sample includes 
12,895 irrigated farms while the second includes 3,170 rain-fed farms. In order to set the stage 
for the formal panel data econometric analysis, Table 2.3 examines a series of cross-sectional 
results for each year of the data set. This chapter considers several important control variables 
that are omitted by Le et al. (2015) including soil, elevation and distance to township. The 
coefficients of the cross-sectional model for irrigated and rain-fed farms are shown in Tables 
2.3 and Table 2.4 respectively. 
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Table 2.3: Repeated cross sections – Irrigated farms 
Net revenue 2004 2006 2008 2010 2012 
Dry temperature -0.246 0.010 -1.330 0.245 0.851 
 (0.239) (0.438) (1.015) (0.439) (1.077) 
Dry temperature squared 0.004 -0.0004 0.024 -0.005 -0.016 
 (0.005) (0.009) (0.021) (0.008) (0.022) 
Wet temperature -0.041 -0.408 2.516 -0.739 -0.909 
 (0.504) (0.842) (1.979) (0.950) (2.223) 
Wet temperature squared 0.004 0.008 -0.036 0.0120 0.007 
 (0.010) (0.016) (0.038) (0.016) (0.041) 
Dry precipitation -0.006 0.006 -0.002 -0.022* 0.008 
 (0.006) (0.007) (0.023) (0.013) (0.014) 
Dry precipitation squared 0.0001 -0.0001 0.0001 0.0001* -0.0001 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Wet precipitation -0.009 0.003 0.016 -0.011 -0.027 
 (0.007) (0.006) (0.023) (0.011) (0.031) 
Wet precipitation squared 0.0001 -0.0001 -0.0001 0.0001 0.0001 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Household size -0.042* -0.090*** -0.218 -0.018 -0.018 
 (0.023) (0.031) (0.134) (0.037) (0.075) 
Gender (=1 if male) 0.097 0.067 1.157 0.150 -0.074 
 (0.117) (0.161) (0.763) (0.242) (0.335) 
Age of household head -0.016 -0.008 -0.074 0.006 0.091*** 
 (0.016) (0.026) (0.141) (0.024) (0.035) 
Age of household head squared 0.0002 0.0001 0.001 0.0001 -0.001* 
 (0.000) (0.000) (0.001) (0.000) (0.000) 
Elementary -0.028 0.384** 0.313 -0.192 0.621*** 
 (0.083) (0.169) (0.581) (0.208) (0.236) 
Secondary and high school 0.136 0.200* 0.295 0.207 0.941*** 
 (0.108) (0.110) (0.612) (0.215) (0.291) 
University or higher 0.651** 0.386** 1.619 0.836** 1.378*** 
 (0.259) (0.163) (0.987) (0.381) (0.493) 
Elevation 0.0004 0.0001 0.002 -0.0001 -0.002* 
 (0.000) (0.001) (0.002) (0.001) (0.001) 
Ferralitic soil -0.085 -0.093 0.603 -1.224*** -0.910* 
 (0.191) (0.381) (1.139) (0.405) (0.533) 
Sandy soil -0.742*** -0.832 -1.618 -1.057 -2.034 
 (0.265) (0.548) (1.634) (1.055) (1.275) 
Distance to township -0.0004 -0.001 -0.0004 0.0007 -0.001 
 (0.001) (0.001) (0.003) (0.001) (0.002) 
Central region 0.830** 0.501 3.333 0.214 -0.293 
 (0.326) (0.785) (2.072) (1.185) (1.781) 
South region 0.831*** 0.691 6.119*** 1.652 -0.304 
 (0.273) (0.592) (1.958) (1.230) (1.084) 
Constant 3.696 6.057 -26.645 12.758 13.730 
 (5.475) (8.026) (20.072) (10.181) (21.232) 
Observations 2,282 2,588 2,658 2,590 2,738 
R-squared 0.036 0.028 0.039 0.041 0.043 
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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Table 2.4: Repeated cross sections – Rain-fed farms 
Net revenue 2004 2006 2008 2010 2012 
Dry temperature -0.398 0.857 1.408 6.320* -1.633 
 (0.356) (0.822) (4.554) (3.530) (2.897) 
Dry temperature squared 0.007 -0.018 -0.028 -0.127* 0.033 
 (0.008) (0.018) (0.098) (0.075) (0.062) 
Wet temperature 1.525 -0.938 1.775 -17.526** -3.321 
 (1.352) (2.705) (9.306) (8.234) (6.455) 
Wet temperature squared -0.028 0.016 -0.044 0.337** 0.080 
 (0.027) (0.052) (0.165) (0.156) (0.119) 
Dry precipitation 0.001 -0.017 -0.118 -0.041 0.079 
 (0.008) (0.013) (0.095) (0.082) (0.048) 
Dry precipitation squared -0.0001 0.0001 0.0005 0.0001 -0.0003 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Wet precipitation -0.017 -0.028 -0.128 0.043 -0.001 
 (0.020) (0.033) (0.098) (0.066) (0.057) 
Wet precipitation squared 0.0001 0.0001 0.0003 -0.0001 -0.0001 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Household size -0.034 -0.114** -0.495* -0.010 0.210 
 (0.030) (0.047) (0.263) (0.238) (0.295) 
Gender (=1 if male) -0.101 -0.376** 2.483 0.640 -0.563 
 (0.237) (0.159) (2.094) (0.549) (0.521) 
Age of household head 0.058** 0.042 -0.353 -0.148 0.151 
 (0.027) (0.037) (0.357) (0.168) (0.097) 
Age of household head squared -0.001** -0.0003 0.004 0.002 -0.001 
 (0.000) (0.000) (0.003) (0.002) (0.001) 
Elementary -0.157 -0.055 2.241 0.934 -0.772 
 (0.165) (0.149) (1.443) (0.696) (0.776) 
Secondary and high school -0.254 0.302 1.080 2.632** -0.332 
 (0.224) (0.247) (1.281) (1.048) (0.830) 
University or higher 0.429 1.188 2.275 2.514*** -0.985 
 (0.686) (0.980) (1.814) (0.921) (0.629) 
Elevation -0.0001 -0.0001 0.001 -0.004 -0.0001 
 (0.001) (0.001) (0.006) (0.004) (0.006) 
Ferralitic soil -0.349 -0.290 -2.738* 7.166* 3.800** 
 (0.515) (0.254) (1.443) (4.118) (1.838) 
Sandy soil 0.036 1.228 3.046 10.101** -2.913 
 (0.535) (0.766) (5.732) (4.697) (5.147) 
Distance to township -0.001 0.001 0.0001 -0.010 -0.015** 
 (0.002) (0.002) (0.011) (0.012) (0.008) 
Central region 0.203 -1.658 -2.471 -8.009 4.770 
 (0.690) (1.032) (7.592) (5.494) (5.823) 
South region 0.828 0.059 4.185 0.278 1.095 
 (0.675) (0.432) (4.705) (2.403) (2.931) 
Constant -14.506 7.601 -4.712 148.594** 47.510 
 (12.555) (25.482) (84.538) (63.242) (76.290) 
Observations 830 737 647 518 431 
R-squared 0.075 0.055 0.051 0.094 0.039 
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
Tables 2.3 and 2.4 reveal that the climate coefficients in the cross-sectional analyses 
vary over time in both irrigated and rain-fed farms, respectively. It is also apparent that the 
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coefficients of the climate variables are significant only in 2010. The results suggest that higher 
dry temperatures will increase net revenues, but the quadratic term of temperature in dry season 
is negative and significant which suggests an inverted U-shaped relationship between net 
revenue and temperature. Higher temperature in the wet season will significantly damage net 
revenue in rain-fed farms. The coefficient of the square term is positive and significant 
implying that temperature effects are nonlinear (U-shaped). In irrigated farms, higher 
precipitation in dry season will reduce the net revenue, but the magnitude is small. 
The cross-sectional results also indicate that the coefficients of the control variables 
vary by year. In general, the results show that the larger household size is associated with lower 
net revenue. Higher education is positively associated with the net revenue of irrigated farmers 
in 2012 and rain-fed farmers in 2010. In addition, there is a non-linear impact of age of 
household head age on net revenue.4 
Using the same functional form and variables used in the repeated cross sections, Tables 
2.5 and 2.6 show the results of the two-stage Hsiao model. In the first stage in Table 2.5, year 
dummies are introduced to control for time varying factors that affect Vietnamese agriculture. 
For example, broad political changes, inflation, macroeconomic policy, changes in the price of 
global commodities are all captured by time dummies. This reduces the possibility that some 
unobserved time varying variables that are correlated with climate become part of the error 
term.  
The analysis shown in Table 2.5 reveals that many of the control variables are highly 
significant. In both irrigated farms and rain-fed farms, age of household head is associated with 
lower net revenue. However, the quadratic term is positive and significant which suggests a U-
shaped relationship between net revenue and age. The turning point of age in this case is 43. 
Using the average age of household head of 48, the result is interpreted as older heads of 
household have lower net revenue. It is consistent with the impact of age using cross-sectional 
data as presented in Tables 2.3 and 2.4. The impacts of household size on net revenue are 
different between irrigated farms and rain-fed farms. Larger households are associated with 
lower net revenue in irrigated farms, while the opposite is true for rain-fed farms. In fact, most 
rain-fed farmers often live in remote areas, such as in the mountains, where their children often 
stay at home to help parent’s works rather than going to school, thereby they are likely to have 
 
4 It should be noted that the turning point of age is 29, while the average age of household head in the sample is 
48. Therefore, the impact could be interpreted as older heads of household have lower net revenue. 
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higher revenue. The coefficients of education variables are significant only in irrigated farms. 
This may be due to the fact that most irrigated farms are in or near cities, where access to 
education is easier. In irrigated farms, farmers who have finished elementary level of schooling 
will have higher net revenue than those who do not go to school, while other education levels 
show an insignificant impact. The reason is most agricultural activities require basic skills 
rather than advanced knowledge from higher education. 
Table 2.5: Estimation of Hsiao model – Stage 1  
Net revenue (VND/m2) Irrigated Farms Rain-fed Farms 
Gender (=1 if male) -0.038 1.321 
 (0.357) (1.669) 
Age of household head -0.302*** -0.433* 
 (0.061) (0.222) 
Age of household head squared 0.003*** 0.005** 
 (0.001) (0.002) 
Household size -0.131** 0.673*** 
 (0.059) (0.242) 
Elementary 0.460** 0.516 
 (0.223) (0.986) 
Secondary and high school 0.212 0.015 
 (0.272) (1.257) 
University or higher 0.447 -0.015 
 (0.395) (1.869) 
Year 2006 0.214* 0.497 
 (0.121) (0.443) 
Year 2008 1.440*** 2.024*** 
 (0.146) (0.584) 
Year 2010 -0.563*** -0.605 
 (0.116) (0.601) 
Constant 8.116*** 6.510 
 (1.584) (6.408) 
Observations 12,856 3,163 
R-squared 0.083 0.052 
FE Yes Yes 
sigma_u 6.342 7.868 
sigma_e 2.619 4.765 
rho 0.854 0.732 
Prob > F 0.000 0.000 
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
The coefficients on the climate variables are regressed in the second stage in Table 2.6. 
The coefficient estimates attached to the dry temperature and wet temperature variables for 
both irrigated farms and rain-fed farms are significant and reveal a quadratic relationship. For 
some specific crops in Vietnam such as spring rice and early rice, planting seasons are from 
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February to April. If the dry temperature is warmer, their planting seasons can begin earlier 
and thus net revenue will increase. However, dry temperatures can increase up to a point where 
further increases in temperatures will damage the crop. Further, in the wet season, increases in 
temperatures will provide conditions for insects to develop and increase the cost of pesticide. 
It also fosters the evaporation process; thereby raising irrigation costs, especially for rain-fed 
farms. 
The coefficients on the precipitation variables for irrigated farms are significant. 
Theoretically, irrigated farms depend mainly on piped water and thus are not affected by 
changes in precipitation. However, the results show that increases in precipitation will decrease 
their net revenues in the dry season and increase their net revenue in the wet season. In the dry 
season, farmers often switch from hydroponic to drying agricultural products to save on 
irrigation costs, thus more rainfall will damage their crops. This situation changes in the wet 
season – since farmers need water for their wet crops, higher precipitation will increase their 
net revenue.5 
Results in Table 2.6 also show that net revenue is different across regions. Given the 
specific conditions of climate, irrigated farms in the Central region produce higher revenue 
than those in the North because of the favorable weather without cold winters. The South 
region, with an advantage of comprehensive irrigation systems, provides higher crop 
production for both rain-fed farms and irrigated farms. Interestingly, crop production of rain-
fed farms in Central region is less profitable than those in the North. This could be due to the 
Central region being poor compared to the North and the South, hosting rain-fed farms mainly 
in highland areas with less access to transportation systems and other facilities.  
 
 
 
 
 
 
 
5 This chapter also employs a log-linear functional form which uses log of net revenue as the dependent variable. 
As presented in Table A2.1 and A2.2 (Appendix), the estimated results are similar to the linear model. 
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Table 2.6: Estimation of Hsiao model – Stage 2 
Net revenue (VND/m2) Irrigated Farms Rain-fed Farms 
Dry temperature 0.664*** 0.417** 
 (0.124) (0.196) 
Dry temperature squared -0.013*** -0.011** 
 (0.003) (0.005) 
Wet temperature -1.654*** -1.896*** 
 (0.263) (0.406) 
Wet temperature squared 0.030*** 0.041*** 
 (0.005) (0.008) 
Dry precipitation -0.007* 0.002 
 (0.004) (0.003) 
Dry precipitation squared 0.0001 -0.0002** 
 (0.00003) (0.00002) 
Wet precipitation 0.010** -0.001 
 (0.004) (0.004) 
Wet precipitation squared -0.0001** 0.0002 
 (0.00005) (0.00001) 
Central region 0.033** -0.005** 
 (0.115) (0.134) 
South region 1.489*** 1.828*** 
 (0.250) (0.296) 
Constant 15.308*** 18.100*** 
 (2.770) (3.554) 
Observations 12,856 3,161 
Goodness-of-fit chi2(21) 93.64 133.49   
Prob > chi2 0.000 0.000 
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.16 
In order to obtain a sense of the impact of climate change in the future, this chapter 
presents simulations of climate change impacts using the scenarios developed by ISPONRE 
(2009). Figure 2.5 shows the impact of changes in future temperature on net revenue in three 
main regions. The figure shows that the impacts of climate change on net revenue are different 
across regions. In the North, irrigated farms will have benefits from increases in temperature 
in both the dry and wet seasons, while rain-fed farms will be harmed. The predicted impacts of 
climate change in the Central region are similar to the North, except in 2060 when net revenue 
of irrigated farms will fall due to increases in temperature. In the South, net revenue of both 
irrigated and rain-fed farms will be affected by higher temperature in dry season. In the wet 
season, rain-fed farms will continue to be damaged by climate change in most scenarios, but 
 
6 This chapter also applies the Hsiao model to the rice production which is considered as the main crop production 
in Vietnam. The result, shown in Table A2.3 (Appendix), provides a consistent finding. The results of soil types 
are omitted from the model due to the collinearity problem. 
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irrigated farms will only be affected after 2040. In general, the simulation results indicate that 
increases in temperature will affect rain-fed farms more seriously than irrigated farms.  
Dry Temperature 
 
 
 
 
 
 
 
  
 
 
 
 
Wet Temperature 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5: Impact of future temperature on net revenue 
Notes:  Irrigated farms   Rain-fed farms 
 Current temperature 
 2020 Scenario–Increase in temperature by 0.50C in North, 0.50C in Central, 0.40C in South 
 2040 Scenario–Increase in temperature by 10C in North, 0.90C in Central, 0.80C in South 
 2060 Scenario–Increase in temperature by 1.60C in North, 1.30C in Central, 1.30C in South 
 
Since the impacts of changes in precipitation are significant only in irrigated farms, 
Figure 2.6 presents the simulation results of future rainfall in this group. These simulation 
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results show that the impacts of climate change on net revenue of irrigated farms are different 
across seasons. In the dry season, higher precipitation will increase the net revenue of farmers 
in the Central and South regions, while it will decrease the net revenue of farmers in the North. 
In the wet season, irrigated farms will have lower revenue due to more rainfall in the North and 
Central regions. In the South, increases in precipitation will raise revenue in the scenarios of 
2020 and 2040. From 2060, revenue will decrease due to more rainfall.  
Dry Precipitation 
 
 
 
 
 
 
 
  
 
 
Wet Precipitation 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: Impact of future precipitation on net revenue 
Notes:  Irrigated farms  
 Current precipitation 
 2020 Scenario – Precipitation changes by 0.7% in North, -0.2% in Central, -0.7% in South 
 2040 Scenario – Precipitation changes by 1.6% in North, -0.4% in Central, -2% in South 
 2040 Scenario – Precipitation changes by 2.5% in North, -1.7% in Central, -2.1% in South 
In order to provide a complete picture of climate change and agriculture in Vietnam, 
Table 2.7 calculates the total impact of changes in temperature and precipitation based on the 
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total agricultural land and marginal impacts from Table 2.6. Table 2.7 indicates that higher 
temperature will be beneficial to farmers in the dry season, while the opposite is true for the 
wet season. Similarly, more rainfall in dry season will increase farmers’ revenue, but it will 
decrease their revenue in the wet season. The table also indicates that Central and South regions 
will be most affected by climate change. These regions have the highest rate of poverty in rural 
areas (ISPONRE, 2009). Therefore, farmers in the Central and South who have low adaptive 
capacity will be more vulnerable to climate change. At a national level, the negative impact of 
climate change on agriculture is significant. The loss of 87 million USD by 2080 is about 0.04% 
of 2017 GDP (using GDP data from the World Development Indicators). Although it is small 
compared to the total GDP, it still poses a significant threat to the livelihoods of farmers or 
those living in rural areas, given that a large share of labour force is working in agricultural 
sector. 
Table 2.7: Total impact of climate change on agriculture 
  2040 2060 2080   
Dry temperature 
3.55 7.10 11.36 North 
5.82 10.48 15.14 Central 
4.75 9.51 15.45 South 
14.13 27.09 41.95 Total impact 
Wet temperature 
-10.93 -21.87 -34.99 North 
-17.93 -32.28 -46.62 Central 
-14.64 -29.28 -47.58 South 
-43.50 -83.42 -129.19 Total impact 
Dry precipitation 
-0.12 -0.27 -0.42 North 
0.06 0.11 0.47 Central 
0.19 0.55 0.58 South 
0.13 0.39 0.62 Total impact 
Wet precipitation 
0.14 0.32 0.50 North 
-0.07 -0.13 -0.56 Central 
-0.22 -0.64 -0.68 South 
-0.15 -0.46 -0.73 Total impact 
Total impact of climate change -29.40 -56.40 -87.35   
Notes: The impact of climate change is measured in million USD 
2.6. Conclusion 
  This chapter contributes to the empirical literature on the effects of climate change on 
Vietnam agriculture by applying a Ricardian approach. Relying on household data for the 
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period 2004–2012 and average monthly climate data covering 65 years, a two-stage Hsiao 
technique is applied which reveals that climate change has significant impacts on net revenue 
and its impacts vary across farmer, season and region. In the dry season, increases in 
temperatures are beneficial to all farms in the South regions, while increases in precipitation 
will damage only irrigated farms in the Central and South regions. The impact of higher 
temperature in the wet season is similar, except that it will affect net revenue of irrigated farms 
only in the long run.  
 An important message in this study is that irrigation is critical to the Vietnamese 
agricultural system. In 2014, nearly 60 percent of cultivated land was irrigated; therefore, 
Vietnam’s ability to cope with future climate change depends on the availability of water for 
irrigation. For instance, if climate change makes water increasingly scarce, especially in the 
Central and South regions, farming households could experience significant revenue losses.  
 Consequently, in the coming decades it will be necessary for local governments to 
upgrade the irrigation systems in their region, as well as to have programs which educate 
farmers on the effective use of irrigation. They also need to reserve and store local crop 
varieties, including establishing crop seed banks, especially in the Central and South regions. 
Since the impacts of climate change on farmers are different across seasons, it is also essential 
for farmers to develop new varieties that could survive severe environmental conditions.  
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Appendix – Chapter 2 
Table A2.1: Estimation of Hsiao log linear model – Stage 1 
Net revenue (VND/m2) Irrigated Farms Rain-fed Farms 
Gender (=1 if male) -0.020 -0.086 
 (0.059) (0.157) 
Age of household head -0.007 -0.012 
 (0.010) (0.021) 
Age of household head squared 0.0001 0.0002 
 (0.000) (0.000) 
Household size -0.019** 0.036 
 (0.010) (0.023) 
Elementary 0.091** 0.171* 
 (0.037) (0.095) 
Secondary and high school 0.086* -0.008 
 (0.045) (0.119) 
University or higher 0.113* 0.071 
 (0.066) (0.176) 
Year 2006 0.371*** 0.442*** 
 (0.020) (0.042) 
Year 2008 0.887*** 0.951*** 
 (0.024) (0.055) 
Year 2010 -0.182*** 0.052 
 (0.019) (0.056) 
Constant 0.101 -0.153 
 (0.263) (0.601) 
Observations 12,740 3,144 
R-squared 0.367 0.386 
Fixed effects Yes Yes 
sigma_u 1.083 1.032 
sigma_e 0.421 0.415 
Rho 0. 868 0.861 
Prob > F 0.000 0.000 
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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Table A2.2: Estimation of Hsiao log linear model – Stage 2 
Net revenue (VND/m2) Irrigated Farms Rain-fed Farms 
Dry temperature 0.244*** 0.496*** 
 (0.029) (0.060) 
Dry temperature squared -0.005*** -0.013*** 
 (0.001) (0.001) 
Wet temperature -0.432*** -1.790*** 
 (0.068) (0.146) 
Wet temperature squared 0.008*** 0.039*** 
 (0.001) (0.003) 
Dry precipitation -0.001 0.004** 
 (0.001) (0.002) 
Dry precipitation squared 0.000 -0.0001*** 
 (0.000) (0.000) 
Wet precipitation 0.003*** -0.006*** 
 (0.001) (0.002) 
Wet precipitation squared -0.0001*** 0.0001** 
 (0.000) (0.000) 
Central region -0.141*** 0.016 
 (0.019) (0.045) 
South region 0.144*** 0.865*** 
 (0.034) (0.074) 
Constant 2.978*** 16.015*** 
 (0.693) (1.424) 
Observations 12,740 3,142 
Goodness-of-fit chi2 205.84 355.38 
Prob > chi2 0.000 0.000 
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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Table A2.3: Estimation of Hsiao model – Stage 2 (rice production) 
Net revenue (VND/m2) Irrigated Farms Rain-fed Farms 
Dry temperature 0.163*** 0. 380*** 
 (0.052) (0.060) 
Dry temperature squared -0.004*** -0. 010*** 
 (0.001) (0.001) 
Wet temperature -0.478*** -2.256*** 
 (0.125) (0.163) 
Wet temperature squared 0.011*** 0.048*** 
 (0.002) (0.003) 
Dry precipitation -0.002 0.004** 
 (0.001) (0.002) 
Dry precipitation squared 0.00001 -0.00001*** 
 (0.000) (0.002) 
Wet precipitation 0.004*** -0.003*** 
 (0.001) (0.002) 
Wet precipitation squared -0.0001*** 0.0001** 
 (0.000) (0.000) 
Central region -0.393*** 0.020 
 (0.030) (0.044) 
South region 0.110*** 0.392*** 
 (0.043) (0.055) 
Constant 4.045*** 22.693*** 
 (1.329) (1.649) 
Observations 10,096 2,664 
Goodness-of-fit chi2 414.93 410.29 
Prob > chi2 0.000 0.000 
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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CHAPTER 3 – THE IMPACT OF CLIMATIC SHOCKS ON 
MIGRATION IN VIETNAM 
 
3.1. Introduction 
 Migration is inherently a spatial phenomenon which represents the change in an 
individual’s usual place of residence to another area over a given period of time. Theoretically, 
migration is (conventionally) driven by various economic, political, and social determinants, 
as well as demographic characteristics. Recent views hold that climate change, especially 
through an increase in the frequency and severity of natural disasters, is expected to bring about 
significant changes in migration patterns for communities both within and between countries. 
According to a special report by the Asian Development Bank, more than 42 million people 
were displaced in Asia Pacific during 2010 and 2011 due to natural disasters (Édes et al., 2012). 
The fifth assessment report of the Intergovernmental Panel on Climate Change (IPCC) 
confirms that one of the gravest effects of extreme climatic events in the future will be that of 
human migration (Pachauri et al., 2014). 
 A growing number of studies have been conducted to investigate the relationship 
between natural disasters and migration (Gröger & Zylberberg, 2016; Hirvonen, 2016; Kubik 
& Maurel, 2016; Marchiori et al., 2012; Strobl & Valfort, 2013; Thiede & Gray, 2017). One 
implicit assumption in these studies is that an occurrence of an extreme event will reduce 
household income. To cope with income loss, household will send out their members to 
diversify income. Therefore, a common empirical strategy is using a two-stage model, whereby 
the first stage examines the relationship between shocks and household income, while the 
second stage estimates the impact of household income on migration decisions.  
 Still, there are two potential issues that have not been addressed by the literature. First, 
an extreme event can directly impact migration decisions by damaging or destroying household 
infrastructure. Natural disasters variables, therefore, should also be included in the second stage 
of these empirical models. However, this approach is problematic because of the assumed 
correlation between natural disasters and household income. Multicollinearity can lead to the 
following symptoms: (i) coefficients may have very high standard errors; and (ii) coefficients 
may have the “wrong” sign or implausible magnitudes (see Greene, 2012, pp.129). In other 
words, the parameter estimates can be unreliable and the standard errors attached to the 
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parameters will be inflated. This presents an empirical challenge since including only one of 
these variables in the model will result in omitted variable bias. 
 The second issue relates to the measurement of weather shocks.7 Most studies-to-date 
employ long historical data on temperature and precipitation to measure weather shocks (Baez 
et al., 2017; Datar et al., 2013; Maccini & Yang, 2009). Specifically, the occurrence of an 
extreme event is captured by a binary variable, taking the value of one when temperature or 
precipitation deviates from an arbitrary distance from the long-term average. One limitation of 
this approach arises when a disaster occurs with trivial loss. Such a case is unlikely to lead to 
migration. Conversely, households might face little choice but to migrate in the advent of a 
shock of large magnitude. 
 This chapter contributes to the literature by proposing several ways to address these 
issues. Regarding the empirical model, this chapter adopts a novel econometric technique in 
order to address the potential correlation between natural disasters and household income.8 
Firstly, agricultural output, which is the main proxy for household income, is regressed on the 
disaster variables with other controls following the empirical model of Mendelsohn et al. 
(1994). Findings from the estimation of this model suggest how natural disasters have impacted 
on agricultural output and, if so, to what extent. The residual from this model is then employed 
as an explanatory variable in a second model that estimates the probability of migration. Note 
that the residual captures the variation in agricultural output that is not explained by shocks and 
will not therefore be correlated with the shock variables. This approach: (i) allows for the 
reliable identification of the direct impact of shocks on migration; and (ii) controls for changes 
in agricultural output (not due to shocks but other factors) which can also impact on migration 
decisions. To examine how sensitive results are to alternative estimation techniques, this 
chapter follows previous research by employing a traditional IV model using soil type and 
irrigation as instruments for agricultural production (Cai et al., 2016; Kubik & Maurel, 2016). 
 As a second contribution, this chapter examines the severity of natural disasters by using 
the number of deaths, injuries, houses damaged and houses destroyed, rather than examining 
the impact of the occurrence of natural disasters. Since migration is an economic decision, 
what matters is the way that disasters translate into tangible outcomes. This suggests that to 
 
7 As in other studies, this chapter uses the terms “natural disasters” and “weather shocks” interchangeably (Gray 
& Mueller, 2012; Gröger & Zylberberg, 2016). 
8 See Gomanee, Girma, and Morrissey (2005) for an example of how this technique has been applied in the foreign 
aid effectiveness literature. 
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properly quantify weather shocks it may be a more useful strategy to focus on outcome 
variables rather than on temperature or precipitation alone.  
 Vietnam provides an interesting case study to investigate the relationship between 
natural disasters and migration. The country is one of five countries deemed most-affected by 
climate change and has been suffering from a high frequency of natural disasters (ISPONRE, 
2009). These extreme events have posed a significant threat to large portions of the population 
living in rural areas with agricultural production being the main source of income. Given their 
vulnerability to disasters, affected households are likely to consider migration as a possible 
coping strategy. The data used in this chapter are sourced from the Disaster Inventory System 
(DesInventar), provided by the United Nations Office for Disaster Risk Reduction (UNISDR). 
This dataset provides unique information on the damage from disasters at the province level. 
The disaster data is then matched with household data in Vietnam by using the Vietnam 
Household Living Standard Survey (VHLSS) for the period 2006–2008. The hypothesis in this 
chapter is that a higher severity of natural disasters, measured by the four indicators identified 
above, is associated with a higher probability of migration. 
 This chapter then further explores the relationship between natural disasters and 
migration by looking at different household characteristics. Specifically, poor households and 
non-poor households are assessed separately using the internationally accepted poverty line of 
$1.25-a-day (in 2008) as a threshold. This is motivated from the recent literature which has 
mixed findings. For example, some studies demonstrate that low-income people often settle in 
areas vulnerable to extreme climate events which force them to migrate (Koerber, 2006; 
Morrow-Jones & Morrow-Jones, 1991). Conversely, Myers, Slack, and Singelmann (2008) 
find that wealthier households are more likely to migrate from flood prone areas, while poorer 
families are restricted by poverty. 
 Finally, this chapter contributes to the literature by examining the relationship between 
migration and natural disasters in the context of government and international donor support. 
Vietnam provides an interesting case study with different post-disaster support programs from 
the government and international organizations. For example, the government along with 
World Bank has established a ‘Community-based disaster risk management program’ in the 
Mekong Delta to build flood and storm mitigation infrastructures, aimed at strengthening the 
capacity of people in this region to cope with extreme events. This chapter seeks to evaluate 
the effectiveness of the program by testing whether households living in Mekong Delta have 
better shock coping abilities and therefore a lower probability of migration. 
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 The rest of this chapter is organized as follows. Section 3.2 provides a background of 
natural disaster and migration in Vietnam. Section 3.3 presents a brief summary of the literature 
examining weather shocks and migration. Section 3.4 then provides a conceptual framework 
and the empirical model used to estimate the relationship between weather shocks and 
migration. This section also describes the data. Section 3.5 presents the empirical findings and 
Section 3.6 provides conclusions and implications from the chapter’s findings. 
3.2. Background of natural disasters and migration in Vietnam 
This section has two main parts. The first part provides an overview of disasters 
affecting Vietnam and their observed impact on the population, community infrastructure, and 
agriculture over a period of twenty years, from 1990 to 2010. This is closely linked to the 
analysis on longer term climate change on agriculture, examined in Chapter 1. The second part 
summarizes the historical trends and patterns of migration in Vietnam. This section aims to 
link migration and extreme climatic events. It is likely that when the onset of natural hazards 
reduces agricultural output, farmers will react by implementing adaptive strategies in which 
migration is one possible option. 
3.2.1. An overview of natural disasters in Vietnam 
Located in a tropical monsoon region combined with a diverse and complex 
topography, Vietnam has suffered different types of natural disasters both hydro-
meteorological (e.g. flood, storm and drought) and geophysical (e.g. landslides, earthquakes). 
According to a report by UNDP (2015), approximately 70 percent of the population is projected 
to be exposed to risks from such extreme events. In multiple sectors, from agriculture to 
industry, from energy to education, the damages of these disasters are expected to be serious. 
UNDP (2015) also reports an annual economic loss equivalent to 1.3 percent of GDP or USD 
3.85 billion in the period 1990–2009. In coming decades, rapid population growth, socio-
economic development, and urbanization combined with increases in natural hazards will 
exacerbate the vulnerability of households, especially in rural areas. 
Figure 3.1 summarizes the different types of natural hazards which have occurred in 
the period 1990–2010 in terms of reported events. According to the figure, floods are the most 
frequent events accounting for 48 percent of disasters, followed by hailstorms (20 percent), 
storms (13 percent) and flash floods (seven percent). Cyclones (or typhoons), landslides and 
other disasters account for 12 percent of the reported events.  
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Figure 3.1: Proportion of disasters (percent) in terms of reported events 
Notes: Flash flood is defined as an event that occurs within six hours following the end of the causative 
event, while flood is defined as an event that occurs after six hours following the end of the causative 
event. 
Source: UNDP (2015) 
Figure 3.2 shows that floods account for 67 percent of deaths while other disasters 
account for a much smaller proportion. Floods, hailstorm, storm and flash flood combined are 
responsible for nearly 90 percent of the loss of life. Figure 3.3 indicates that storms causes the 
most damage to houses (36 percent), followed by floods (32 percent) and hailstorms (11 
percent). 
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Figure 3.2: Proportion of disasters (percent) in terms of number of deaths 
Source: UNDP (2015) 
 
Figure 3.3: Proportion of disasters (percent) in terms of houses destroyed and damaged 
Source: UNDP (2015) 
Over the period 1990–2010, there is an increasing trend in the number of extreme events 
recorded, as illustrated in Figure 3.4. The highest number of reported disaster events was in 
2006 (127), followed by 2008 (123), and 2005 (114). 
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Figure 3.4: Number of all disasters per year in the period 1990–2010  
Source: UNDP (2015) 
By region, Figure 3.5 shows that most affected provinces by natural hazards are located 
in Central Vietnam. Inland provinces are more affected by floods while coastal provinces are 
more affected by storms. Quang Ngai is the province with the highest number of deaths caused 
by all disaster types over the period, with 924 fatalities. The province with the most houses 
destroyed is Thanh Hoa (97,383 houses) while the province with the most houses damaged is 
Quang Binh. Provinces in the Mekong River Delta suffer from a high number of deaths; 
however, they have a smaller number of reported events than average.  
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Figure 3.5: Spatial distribution of reports for all disaster types 
Source: UNDP (2015) 
Natural disasters reduce agricultural productivity, both directly via the damage inflicted 
to standing crops and indirectly via their impact on cropping decisions. The most disasters-
related agricultural losses in Vietnam are from floods and storms which destroy both standing 
crops and agricultural infrastructure, including irrigation systems. The increase in these 
extreme events is also associated with crop diseases which exacerbate further adverse impacts 
on crop yield. It is estimated that since 2000, Vietnam has lost over 10 million tons of rice as 
a direct consequence of floods and storms, while approximately 120,000 km2 of rice fields have 
been submerged (UNDP, 2015). Furthermore, the report indicates that the true losses may be 
considerably higher due to the difficulty in isolating the impacts of natural hazards on crop 
yield. Natural hazards also have an indirect impact on productivity by changing agricultural 
behavior. For example, the delayed planting of summer crops due to a late start to the rains 
implies that crops are more vulnerable to floods, which typically occur from the autumn. 
Because of the serious impacts of natural disasters, the Vietnamese government has 
adopted numerous national policies which focus on improving adaptive capabilities, reflecting 
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its concern and attention to the issue. The National Strategy for Natural Disaster Prevention, 
Response and Mitigation approved by the Prime Minister in 2007 is considered as a milestone 
in Vietnam's disaster prevention. The general goal of the strategy is: “Complete the relocation, 
arrangement and stabilization of the life for people in disaster-prone areas according to the 
planning approved by authorized government agencies. Up to 2010, manage to relocate all 
populations from flash flood and landslide high-risk areas and dangerous areas to safe 
places”. However, there are challenges which have impeded the implementation of these 
programs including corruption and lack of coordination between ministries, or government and 
local communities (UNDP, 2015).  
The Mekong Delta, one of three ‘extreme’ global hotspots in terms of potential 
population displacement as a result of climate change (Solomon et al., 2007), has received 
special attention from the government. The program “Living with floods” has been launched 
since 2000 based on the premise that flood risks should be mitigated, but at the same time, are 
essential to livelihoods and the country’s economic development. One of the main objectives 
is to provide safe and permanent residences with access to basic infrastructures such as clean 
water, schools, and health clinics. These new constructions, in turn, link with initiatives for 
increased economic development and the urbanization of rural areas. 
Recently, mitigating the impact of natural disasters in Vietnam has also received 
support from international organizations. For example, the ASEAN community has funded and 
implemented disaster risk reduction projects in 23 provinces by cooperating with local non-
profit organizations. Also, the World Bank has projected a community-based disaster risk 
management program in 12 provinces across Vietnam to build flood and storm mitigation 
infrastructures, including river dikes, evacuation routes, and drainage systems. To enhance the 
process of mitigation, the Vietnamese government has cooperated with these organizations by 
supporting legal frameworks or being a connection between international groups and local 
communities.  
3.2.2. Migration in Vietnam 
Following the country’s reunification in 1975, the Vietnamese government launched an 
extensive relocation program which was driven by both political and economic factors. First, 
the resettlement program aimed at releasing population pressures in urban centers and densely 
populated areas, especially in the North where the population density was very high. The 
establishment of focused economic zones (or new economic zones) which were mostly located 
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in the South and Central Highlands also required a large number of workers. One crucial point 
of the policy is that people who volunteered to work in these resettlement sites could easily 
access subsidized food, housing, education and social services. However, this direct 
government intervention in migration was not particularly successful due to the lack of physical 
and social infrastructure in these economic zones (UNDP, 2015).  
In 1986, Vietnamese government implemented economic reforms or “Doi Moi”, which 
brought about a number of changes that facilitated the development of a variety of migration 
flows. For example, the household residence system was loosened to release farmers from 
collective employment and allocated land-use rights to individual households. As a result, 
agricultural productivity increased and there was an exacerbated labor surplus in rural areas. 
Other factors such as the abolishment of a subsidised system (the period between 1975 and 
1986 when food, goods, and services were purchased with coupons or food stamps, controlled 
by the government) and the improvement of transport systems and telecommunications 
network also facilitated mobility across regions. 
By the first census of population in Vietnam, it is estimated that nearly 4.5 million 
individuals, or 6.5 percent of the population aged five and older in Vietnam, changed their 
places of residence during the period 1994–1999 (GSO, 1999). Inter-provincial migration was 
driven by rural-urban flows mainly to two large cities in the North region (Hanoi and Hai 
Phong) and the South region (Ho Chi Minh City and Dong Nai). The Central Highlands also 
attracted mainly agricultural migrants, partly stimulated by the coffee boom in the 1990s. 
International migration in this period increased significantly; however, the flow was directed 
primarily to countries of the former Soviet Union.  
Compared with the 1999 census, the 2009 census reported that internal migration had 
increased with about 6.7 million individuals aged five years or over (8.6 percent of the 
population) moving during the period 2004–2009 (GSO, 2009). Figure 3.6 shows that 
economically advantaged and more urban provinces, such as Ho Chi Minh City, Da Nang and 
Hanoi, have the highest positive net migration ratios.9 In contrast, the Central Coasts and 
Mekong River Delta experienced large net population losses to migration during the same 
period. The international migration flows in this period were mostly directed to East Asia 
countries which Vietnam has specific agreements, such as South Korea and Japan (GSO, 2009).  
 
9 Net migration ratios are defined as ((in-migrants – out-migrants)/total migrants). 
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Figure 3.6: Province net migration ratios during the period 2004–2009 
Source: GSO (2009) 
Although migration is considered as one of the most important factors contributing to 
equitable social and economic development, there is a significant gap in data on migration 
which hinder policymakers from implementing suitable policies (GSO, 2009). For example, 
the census in 1999 and 2009 which seek to cover most of the population, fails to capture the 
most vulnerable migrants in Vietnam including short-term, seasonal and return migration. 
These data are left out of statistical records mainly because of the migration definition used in 
these surveys which define a migrant as someone who has a different place of residence at the 
time of the survey as compared to five years prior. Such a definition does not count those who 
migrated within a five-year period but returned home before the census date, including seasonal 
and temporary (returning) migrants and unregistered movements. Therefore, the total number 
of internal migrants is not known, but probably much higher. 
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Overall, the decision to migrate depends on various factors such as social networks, the 
political context, and environmental stresses, including natural hazards. In Vietnam, natural 
disasters have posed serious impacts on farmer households who depend mainly on their 
agricultural output. When they have no time and capital to invest in adaptive strategies, 
migration is likely to be the most prevailing approach for them to ensure their income and 
improve their livelihoods. Therefore, studying the relationship between migration and extreme 
events in Vietnam is important, especially in the context of increased frequency of natural 
disasters. 
3.3. Literature review 
As the evidence of global environmental change has accumulated over the past decades, 
policymakers and media have given more attention to climatic impacts on human migration. 
However, it is clear among scholars that there are no established theories or empirical models 
explicitly concerned with the relationship between migration and climate change. In fact, 
population mobility is always the result of multi-causal relationships including political, 
economic and social dimensions (e.g. Piguet, 2010). To date, studies considering climatic 
impacts on migration decisions are based on different perspectives and methods. This section, 
therefore, does not aim to provide a complete picture of migration induced by climate change, 
but summarize the most controversial topics relating the impact of climate change on 
migration.  
3.3.1. Natural disasters versus long-term climate change 
Early discussion on the relationship between migration and climate change addressed 
the way environmental changes affect population mobility: distinguishing between rapid onset 
and slow onset. In the first path, rapid climatic changes or increases in the frequency of natural 
hazards is considered as an unpredictable exposed risk for households which leads to the loss 
of assets and incomes (Findley, 1994; Hugo, 1996). Following these extreme events, 
households may send a family member out with the expectation of receiving remittances or 
move their entire household to another location with safer conditions.  
In general, most studies focusing on natural hazards find a positive relationship between 
the increase in extreme events and migration by using different measurements of disasters. For 
example, Gray and Muller (2012b) use the number of floods occurring in Bangladesh during 
the period 1994–2010 and show that crop failure due to flooding encourages households to 
move. Similarly, Halliday (2006) uses the frequency of earthquakes to measure the impact of 
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these events on mobility in El Salvador and find the same result. Other studies find that using 
only one disaster may lead to biased effects because different types of disasters may not all 
affect migration in the same way (Beine & Parsons, 2015; Tse, 2012). Instead, more recent 
research uses the frequency of all events in a specific time period to represent hazards, such as 
Tse (2012) for Indonesia, and Gray and Muller (2012b) for Bangladesh. Recently, studies have 
used the intensity of disasters rather than simply their occurrence. They argue that relying on a 
single measure of a disaster may not capture its overall effect because a certain event may result 
in large financial losses but inflict little physical harm (Bohra-Mishra, Oppenheimer, & Hsiang, 
2014). Alternatively, using the number of deaths, numbers injured, number of houses destroyed 
or amount of financial loss aggregated at commune level or province level can capture both the 
frequency and the intensity of disasters (Gray & Muller, 2012a).  
In comparison with rapid onset, slow onset, such as soil degradation or long-term 
climate change, has received much less attention in the literature. Gray and Mueller (2012a) 
explain that the paucity of evidence is derived from the fact that over a long period, households 
have enough time to consider all adaptive strategies to climate change. In their study using the 
long-term change in temperature and precipitation in Ethiopia, the authors show that migration 
is an expensive investment and it may be too costly for households. There are also a few other 
studies examining the relationship between long-term climate change and migration but the 
results are mixed. For example, Cattaneo and Massetti (2015) indicate that higher temperatures 
and extreme precipitation patterns reduce agricultural productivity in Ghana and Nigeria, and 
migration of a family member can therefore compensate for a decrease in farming income. 
Watts et al. (2015), however, argue that with incomplete and imperfect markets, households 
may not be able to migrate because they may see a reduction in the very capital required to 
enable a move. Using the household data of China in 2000 and 2008, the authors state that a 
worsening in the climate could be associated with lower chances of migration. 
3.3.2. Internal or international migration induced by climate change 
Another area of inquiry is geographically how far victims of natural disasters are likely 
to migrate. Post-disaster migration is often presumed to be internal where households can move 
and send remittances easily. However, Kayastha and Yadava (1985) find that climate change 
may force people to move to the nearest safe destination including other countries. They show 
that the 1985 flood in India led to a large proportion of households migrating to their 
neighboring country - Bangladesh. Later studies also support this finding. For example, the 
2004 tsunami in Indonesia created a huge flow of migration to Malaysia and India (Naik, 
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Stigter, & Laczko, 2007). Similarly, Gallina (2007) studies migration in Sri Lanka and finds 
that the tsunami in 2004 led to a large number of migrants toward West Asian countries. 
In contrast, studies in developed countries suggest that natural disasters do not 
necessarily lead to international migration. Brown (2008) finds that hurricanes Rita and Katrina 
in the USA in 2005 resulted in evacuees opting to not go across nearby borders, but to move 
their families within the country. Importantly, the author indicates that international migration 
induced by climate change only happens between countries which have colonial relationships 
or from poor countries to richer countries. In other cases, international migration is an 
impractical response to extreme events because migrants are likely to have fewer resources, as 
well as legal and institutional impediments in their new destinations.  
Recently, a strong consensus has emerged that households displaced by natural hazards 
mostly remain within their own borders. The most recent studies try to explore further the 
relationship between disasters and rural-urban migration (Barrios, Bertinelli, & Strobl, 2006; 
Marchiori et al., 2012). Barrios et al. (2006) provide explanations of rural-urban movements 
using push and pull factors. The pull factors describe the situation where modern sectors of 
production, which generally locate in urban areas, have higher rates of productivity and 
monetary reward than the traditional rural agricultural sector, thus attract rural migrants who 
decide to migrate based on their expected income. The push factors, in contrast, essentially 
refer to the lack of employment opportunities or cost-of-living problems in the region of origin 
which drive people to other places. One particular push factor can be environmental change. 
By using the cross-country data set for Africa, the authors find that shocks to temperature and 
precipitation increase the urbanization rate in sub-Saharan Africa. 
However, in many developing countries, migration surveys do not provide enough 
information about the destination of the household, thus it is not possible to identify whether 
they move to urban areas or not. In most cases, there are only data to check if a household 
moves within a province or to other provinces. For example, Gray and Muller (2012a) measure 
the impact of floods on migration based on two separate groups: local mobility (within the 
district of origin) and long-distance mobility (outside the district of origin, but within the 
country). By using longitudinal data from 1,700 households in Bangladesh over a 15-year 
period, they find a significant impact of damage caused by floods on local mobility. 
Interestingly, the effect of floods on long-distance mobility is insignificant. To explain this 
finding, the authors reveal that households choose to move within their province because of 
easier access to their homes. In contrast, Gray and Muller (2012b) test the case of rural Ethiopia 
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based on 1,500 households over a 10-year period and find that both local and long-distance 
mobility can be explained by droughts.  
3.3.3. Migration and demographic characteristics 
Most scholars now accept that migration decisions are based on a complex pattern of 
factors including political, social, economic as well as environmental forces. Therefore, instead 
of measuring solely the impact of natural hazards on migration, recent studies consider this 
impact under the context of various factors in which household characteristics are the most 
common components. It is likely that different groups of households will be disproportionately 
susceptible to migration induced by climate change. Households at lower social-economic 
levels or living in vulnerable locations with little prevention and response capabilities are 
known to be most affected. Empirical studies summarize specific variables that directly interact 
with migration.  
As one of the first studies examining migration induced by climate change between 
racial groups, Morrow-Jones and Morrow-Jones (1991) find that a larger percentage of 
African-Americans than white Americans migrate following disasters during 1980-1990 in the 
US. This result is supported by later empirical studies such as Enarson (1998) and Fordham 
(1999). One common finding is that African-Americans are the most vulnerable group since 
they have a lack of adequate personal transport, limited spatial networks, and problems with 
social security payments.  
Research in other countries find the same result when examining the impact of climate 
change on different ethnic categories. In most cases, minority groups are more susceptible to 
natural hazards. For example, Gray and Muller (2012a) indicate that men from the Dime and 
Bacha groups, two of smallest minorities in Ethiopia, are more likely to migrate than other 
groups following disasters. An explanation is that these groups received special support from 
the government so that they could easily move to other locations with housing and insurance 
subsidies. Watts et al. (2015) indicate that minorities in China have greater incentives to 
migrate due to a lack of post-disaster support from their local governments.  
Other studies related to natural hazards have a special interest in the role of household 
wealth on migration decisions. Morrow-Jones and Morrow-Jones (1991) argue that poor 
households or disadvantaged groups are more likely to move out post-disaster. By using 
household survey from the US, they demonstrate that low-income people often settle in 
vulnerable areas of extreme events which force them to migrate. Later studies, such as Koerber 
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(2006) and Myers et al. (2008), all support the finding of Morrow-Jones and Morrow-Jones 
(1991) by using different data samples for the US. 
However, most case studies in developing countries find the reverse. They show that 
people who migrate do not necessarily belong to low-income groups. In contrast, Findley 
(1994) points out extremely poor households in Mali cannot migrate due to lack of capital. In 
Malaysia, Myers et al. (2008) focus on flood-prone areas and find that wealthier households 
are likely to migrate while poorer families are restricted by poverty. Even if these low-income 
groups relocate, they just end up on different floodplains.  
Later studies criticize previous research for the way they measure wealth. They suggest 
using the status of home ownership instead of income. Interestingly, findings are consistent for 
both developed and developing countries (e.g. Brown, 2008; Grote, Engel, & Schraven, 2006). 
Most studies show that homeowners are less likely to migrate than non-homeowners since they 
consider their houses or farms as their most valuable asset. Even when the damages from the 
disaster are serious, such as the US Dust Bowl years of the 1930s, Brown (2008) finds that 
households who have their own farms are likely to remain rather than migrate.  
The role of education is always considered as an important factor in migration 
decisions; however, empirical studies find mixed results. On the one hand, some research 
suggests that households with a lower level of education are likely to migrate because they do 
not have enough knowledge to implement adaptive strategies under climate change. Evidence 
supporting this point of view is found by Morrow-Jones and Morrow-Jones (1991) in the US, 
and Grote et al. (2006) in Sri Lanka. On the other hand, there is contrary evidence from 
Saldaña-Zorrilla and Sandberg (2009), which finds that disasters in Mexico during the period 
1980–2005 force a large segment of better-educated people to migrate. They argue that a high 
level of education may be an advantage for them to easily find other jobs in other destinations.  
Most studies agree that it is not possible to generalize conclusions about migration on 
the basis of household’s age. In fact, the role of age on migration decisions is proven to be 
diverse across countries. Gray and Muller (2012a) compare different age groups and find that 
individuals aged between 20 to 24 are more likely to migrate compared with the younger and 
older age groups. Other studies include a quadratic variable of age into models and find a 
convex relationship between age and migration. In most cases, the turning points of age often 
lies between 60 and 70 which show that households of working age are more likely to migrate 
(Watts et al., 2015). 
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Empirical studies also reveal that men, rather than women, respond to natural hazards 
by moving away from their families to seek external employment and send remittances (e.g. 
Bohra-Mishra et al., 2014; Gray & Mueller, 2012a). These results are consistent with gender 
roles and social norms. Later studies suspect that becoming de facto heads of household may 
increase women’s empowerment, but it also impedes households’ recovery from disaster by 
leaving them overburdened and less able to rebuild business or replant fields (Brown, 2008). 
Some studies find that female migration post-disasters leads to women exposed to additional 
risks, hazardous jobs or gender discrimination (e.g. Enarson, 1998; Findley, 1994). 
3.3.4. Measuring migration 
To date, studies examining the impact of climate change on migration have provided 
different results depending on their focus on natural hazards or long-term climate, internal or 
international migration and male or female migration. Recently, scholars also believe that 
diverse results may be explained by the way migration is measured. In general, the literature 
has included two measurements of migration depending on the level of available data. 
At a macro level, studies often analyze migration induced by climate change between 
countries or between provinces. Some studies (e.g. Naude, 2008) use the net migration rate 
which is calculated by the difference between the total number of immigrants and emigrants 
while other studies (e.g. Feng, Oppenheimer, & Schlenker, 2012) focus on outmigration. In 
both cases, these authors acknowledge that there are several shortcomings of using macro data 
to examine the impact of climate change. Feng et al. (2012) criticize the use of aggregated 
migration data at the country level because it is difficult to identify inflows and outflows of 
migrants induced by climate change. The authors suggest that studies should use lower-level 
data, such as household level or individual level which includes information about the reason 
they migrate. Similarly, studies in developing countries also find that macro data do not capture 
differences between temporary and permanent migration, destination countries or the 
composition of migrants. 
Compared to macro level studies, the existing micro-level literature considers migration 
decisions based on individual behavior or household behavior in the face of environmental 
changes. Interestingly, these motivations are derived from different theories of migration. One 
common theory is the neo-classical approach introduced by Lewis (1954) and then developed 
by Harris and Todaro (1970). Studies following this approach consider migration as an 
individual decision based on the notion of wage differentials between receiving and sending 
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areas, as well as on the migrant’s expectations for higher earnings in host countries. In this 
classical stance, return migration is a failure of labor migrants who miscalculated the costs of 
migration or overestimated the benefits of higher earnings. In practice, studies inherited these 
concepts using a variable to represent migration which equals one if an individual migrates and 
zero if otherwise (Bohra-Mishra et al., 2014; Gray & Mueller, 2012a). 
Conversely, the New Economics of Labor Migration (NELM) asserts that migration 
decisions take place within households rather than being a purely individual choice (Stark & 
Bloom, 1985). It also considers return migration as the natural outcome of a successful 
experience abroad during which migrants met their goals (i.e., higher incomes and 
accumulation of savings) while remitting part of their incomes to the household. Drawing from 
the concept of NELM, studies measuring the impact of climate change on migration also use a 
binary variable, but define a migration household as a family where at least one member is a 
migrant (Cattaneo & Massetti, 2015; Watts et al., 2015). Given the different measurements of 
migration, it is likely that current theories cannot fully explain migration behavior and later 
studies thus should consider both options when studying the impact of climate change on 
migration.  
3.3.5. The shortage of studies in Vietnam and contribution of current study 
 There is little quantitative research examining natural disaster induced migration in 
Vietnam. One important exception is Gröger and Zylberberg (2016) who use panel data for 
2,200 households in three provinces across three years (2007, 2008 and 2010). The authors find 
that households exposed to Typhoon Ketsana in 2009 experienced an average reduction in 
income of 10 percent, and around 17 percent of households responded by sending members 
away to diversify income. Another exception is Koubi et al. (2016) who examine different 
types of environmental stressors, namely, short-term and long-term events. The authors show 
that sudden-onset environmental events, such as floods and typhoons, are more likely to trigger 
migration, while long-term environmental problems, such as salinity, reduce the likelihood of 
migration. This suggests that individuals respond to longer-term events with adaptation, rather 
than migration. 
 This chapter builds upon these previous works by using national household surveys 
collected across Vietnam in the period 2006–2008. This chapter differs from Gröger and 
Zylberberg (2016) by examining the effects of all disasters occurring over this period instead 
of concentrating on specific events. It departs from both studies, as well as most other papers 
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on this topic, with a novel approach to defining weather shocks. Finally, this chapter also 
proposes an econometric framework to deal with the problem of correlation between natural 
disasters and agricultural output. 
3.4. Model specification and data 
3.4.1. Theoretical framework 
 Although the main interest of this chapter lies on the empirical analysis of the impact 
of weather shocks on migration, this section presents a simple theoretical framework that helps 
to motivate the subsequent model specification and empirical analysis. The model is inherited 
from recent works developed by Beine and Parsons (2015), Maurel and Tuccio (2016), 
Cameron (2018), and Minale (2018), which argue that weather shocks impact on migration 
decisions via their impact on the relative productivity of work across sectors. An important 
assumption is that households living in rural areas potentially have working members across 
three sectors: (i) the farm sector (for family or others); (ii) the local off-farm sector within the 
home commune; and (iii) another sector in urban areas (from rural–urban migration). Each 
member in the household has an endowment of labour and has to decide how to allocate it 
across the different sectors in order to maximise household utility. Such utility, in turn, is a 
function of the relative productivity of labour in each sector, as well as of other characteristics 
such as entry costs (or migration costs) and individual preferences.  
 Since natural disasters affect labour productivity differently across sectors, individuals 
can respond by optimally reallocating time between them. Agriculture productivity has been 
proven to depend on weather conditions and will therefore be most affected by natural disasters 
(Pachauri et al., 2014). A shock may also cause a productivity drop in the local off-farm sector, 
as it destroys infrastructure directly, or reduces the demand for locally produced non-
agricultural goods and services. Given that agriculture is the most common activity in rural 
areas, and found to be most vulnerable to climate change, it is reasonable to assume that 
productivity in the local off-farm sector would decline less than in the agricultural sector. 
Finally, productivity in the urban sector is plausibly least vulnerable to weather shocks, since 
shocks should not have a large direct impact on economic activity in cities. Therefore, the 
elasticity of urban productivity is zero in the absence of general equilibrium effects. 
 The impact of weather shocks on migration is illustrated graphically in Figure 3.7. First, 
Panel A provides a person’s utility of working in each sector, which is a function of weather 
variation (a higher variation of weather conditions is associated with a higher intensity of 
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shocks or natural disaster). In the presence of an extreme event, households will shift some 
members from the most affected sector (farming), to the off-farm and urban sectors. It is 
important to note that individual heterogeneity, for instance, migration costs or preferences will 
cause the intercept of the curves in Panel A, as well as their slopes, to vary. Panel B describes 
another case where certain individuals working in the off-farm sector obtain higher utility to 
start with, that is, even for zero levels of adverse weather shocks. To conclude, a higher 
intensity of disasters will reduce the time devoted to farming while engagement in rural–urban 
migration increases. As far as time allocated to the local off-farm sector is concerned the effect 
is unclear as in presence of such shocks, the productivity in the off-farm sector might increase 
vis-a-vis farming but decrease vis-a-vis the urban sector.  
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Figure 3.7: Weather shocks and utility functions across sectors 
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3.4.2. Empirical strategy 
 The empirical methodology adheres to the theoretical framework discussed above. This 
chapter uses a sample of households in the agricultural sector to investigate the impact of 
natural disasters on the migration decisions of farm households. A basic model which considers 
a migration decision in period t to be a function of weather shocks, crop revenue and other 
control variables is given as below: 
Migrationi,j,t = β0 + 123Shockj,t-1 + β2Crop_revenuei,j,t-1 + 143Xi,j,t +β4Ci,j + β5Ei,j,t + µi,j,t    (3.1) 
where Migrationi,j,t is a binary variable equal to one if household i in province j has at least one 
migrant in period t.10 Shockj,t-1 is a set of variables representing the severity of natural disasters 
in period t-1 in province j. In this chapter, it is posited that the migration decision in period t 
will depend on reductions of agricultural production and natural disasters in the previous period 
t-1. The reason is that migration is a costly decision which may take time to save for and enact. 
In other words, a disaster or reduction in agricultural production during period t-1 could lead 
to a decision to migrate in period t. 
 Four measures of shocks are included: number of deaths, injuries, houses damaged and 
houses destroyed. This represents a departure from previous studies which examine the 
occurrence of shocks rather than their intensity (Koubi et al., 2016). One may argue that densely 
populated areas are likely to have higher exposure to shocks. To account for this, the numbers 
of deaths and injuries are divided by the population of province j, while the number of houses 
damaged and house destroyed are divided by the total number of households in the same 
province. 
 Crop_revenuei,j,t-1 is calculated by taking the total agricultural production of household 
i in province j in period t-1 divided by the agricultural land.11 With respect to household 
demographics, Xi,j,t is a set of variables representing household size as well as the age and 
education level of the household head. Household characteristics are chosen based on previous 
studies looking at migration and climate change in developing countries (Koubi et al., 2016; 
Kubik & Maurel, 2016). Other province-level characteristics are included, such as population 
and total area to control for migration to areas with higher economic development. Following 
 
10 Migration, in the context of this chapter, is measured by a flow during the period t and t-1, rather than an overall 
stock.  
11 Since farmers in Vietnam cultivate various crops during the whole calendar year, it is not necessary to examine 
separately the effects of different seasons. The terms crop revenue and agricultural production are used 
interchangeably in this chapter. 
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Kubik and Maurel (2016), this chapter also includes Ci,j as the cost of migration proxied by the 
distance from the district capital of province where household i lives to the nearest province. 
Finally, Ei,j,t is a dummy variable for previous migration experience, which equals one if 
household i had previous members moving out during previous period t-1. In the empirical 
model, standard errors are clustered at the province level to control for serial correlation in the 
error terms across households in the same area. 
 As discussed above, natural disasters are likely to lead to a significant reduction in 
agricultural output. Therefore, it is expected that there is a high correlation between the Shockj,t-
1 and Crop_revenuei,j,t-1 in equation (3.1). If both variables are included in the model, their 
coefficients might have the wrong sign or implausible magnitudes (Greene, 2012). However, 
if one of these variables is omitted from the model, it becomes misspecified and parameter 
estimates will be subject to omitted variable bias. To account for this, this chapter adopts a 
residual generated regressor approach. In the first stage, the model of Mendelsohn et al. (1994) 
is employed by estimating agricultural output (crop revenue) in period t-1 as a function of 
weather-shock outcome variables and other controls: 
Crop_revenuei,j,t-1  = γ0 + 523Shockj,t-1 + 563Xi,j,t-1 + γ3Zi,j + β4Ii,t-1 + υi,j,t-     (3.2) 
In equation (3.2), Zi,j is a set of variables representing the quality of arable land. It is assumed 
that arable land is a function of soil type and irrigation technology available to the household. 
Type of soil is measured with a dummy variable that identifies households with rich ferralitic 
soil, which has low silica and high aluminium and iron contents. Following Schlenker et al. 
(2005) and Kurukulasuriya and Mendelsohn (2008), an irrigation binary variable is included 
which equals one if the household has access to an irrigation system and equals zero if they use 
rain water. 
 The residual υi,j,t-1 in equation (3.2) captures the variation in agricultural output that is 
not explained by weather shocks (and other control variables). This residual is then employed 
in the second stage model explaining the decision to migrate. If the ‘transmission’ variable (in 
this case crop revenue) has a negative impact on migration and shocks have a negative impact 
on crop revenue, this method will provide larger coefficients on the shock variables. Moreover, 
the shock variables and the residual capturing agricultural output variables will not be highly 
correlated allowing for the accurate identification of their parameters: 
           Migrationi,j,t  = δ0 + 723Shockj,t-1 + δ2υi,j,t-1  + 743Xi,j,t + δ4Ci,j + δ5Ei,j,t + λi,j,t   (3.3) 
 89 
 
 As robustness test, this chapter follows previous studies by employing an IV model to 
examine the relationship between weather shocks and migration decisions (Cai et al., 2016; 
Kubik & Maurel, 2016). This approach uses soil type and irrigation as the instrumental 
variables for agricultural production. The first stage examines the impact of natural disasters 
on agricultural output as presented in equation (3.2). The second stage then uses instrumental 
variables to test if a reduction in agricultural output leads to an increase in the probability of 
migration: 
           Migrationi,j,t  = ρ0 + ρ1 Crop_revenuei,j,t-1 + 863Xi,j,t + ρ3Ci,j + ρ4Ei,j,t + σi,j,t    (3.4) 
3.4.3. Data 
 This chapter uses migration data collected in the Vietnam Household Living Standard 
Surveys (VHLSS) in 2006 and 2008. There are 9,189 households interviewed in each survey, 
with 4,138 households interviewed in both rounds. In each survey, households were asked if 
there is any member in their families that has moved to another province since the last 
interview.12 The questionnaire also includes the reason why they left. Households with a 
migrant are defined as those with a member who left for work to focus more clearly on 
economic push factors. Indeed, other reasons for migrating, such as studying or marrying, are 
not considered because they are unlikely consequences of weather shocks. Also, it is possible 
that the entire household might migrate after a disaster. However, this chapter does not examine 
such type of migration because households moving entirely to different place in 2006 would 
not be captured in the 2008 survey. Finally, the overall sample in this study is then limited to 
1,003 farm households in Vietnam.13 
 Crop revenue is net revenue (or total sales for each crop less all cost), divided by 
agricultural land. The value of total sales and total expenditures are converted into constant 
2010 prices using the CPI. To control for land characteristics, we collect data on soil quality 
from the Vietnam Ministry of Natural Resources and Environment. Other information, such as 
household characteristics and province characteristics are also provided in the VHLSS.  
 
12 It should be noted that this chapter examines internal migration rather than international migration. Previous 
studies have shown that international migration is an impractical response to extreme events because migrants 
often have fewer resources, as well as legal and institutional impediments to reach new destinations (Brown, 
2008). 
13 Since information on the destination of migrant is not available in the sample, it is unable to identify rural-urban 
migration in this chapter. Still, it is likely to be the case as migrants are often attracted by higher economic 
opportunities in urban cities. In this analysis, farm households are identified as such if their main source of income 
is from agricultural activities. 
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 Natural disasters data are derived from the Disaster Inventory System (DesInventar), 
provided by the United Nations Office for Disaster Risk Reduction (UNISDR).14 This database 
contains a historical inventory of disasters and their impacts on goods, infrastructure, lives and 
social relations at province and national levels. Weather shocks are defined as any event or 
force of nature that have catastrophic consequences on people. For Vietnam, the data provides 
information on extreme events occurring from 1990 to 2010 at the province level. Four 
measures of disasters are used: number of deaths, number of people injured, number of houses 
destroyed and number of houses damaged. By employing the magnitude of disasters rather than 
their occurrence, this chapter accounts for the possibility that shocks with higher intensity will 
trigger migration, while shocks leading to less damage are less likely to lead to migration. Table 
3.1 and 3.2 provide the descriptive statistics. 
 
14 Available at https://www.desinventar.net/ 
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Table 3.1: Descriptive statistics of demographic variables 
Variables Migrant Non-migrant Mean difference significant at 5 percent Mean Std. Dev. Min Max Mean Std. Dev. Min Max 
Farm characteristics          
Crop revenue (USD/m2)15 0.594 0.118 0.260 0.817 0.614 0.166 0.111 2.153 Yes 
Ferralitic soil (dummy) 0.805 0.399 0 1 0.792 0.406 0 1 Yes 
Irrigated farm (dummy) 0.754 0.434 0 1 0.748 0.434 0 1 Yes 
Characteristics of household head 
Age (years) 52.109 8.50 28 73 48.12 12.59 16 91 No 
Education (years) 7.110 3.178 0 12 6.628 3.494 0 12 No 
Household Size 4.037 1.606 1 8 4.633 1.764 1 14 Yes 
Poor household (dummy) 0.122 0.329 0 1 0.192 0.394 0 1 Yes 
Characteristics of province 
Province area (km2) 7,509 4,098 1,190 16,499 6,305 4,345 922 16,499 No 
Population (thous. Pers.) 1,776 1,062 589 3,697 1,618 989 330 6,347 No 
Migration information          
Migration cost (km) 3.251 1.919 1.099 7.403 3.564 2.124 0.095 7.403 No 
Migration experience 
(dummy) 0.130 0.341 0 1 0.072 0.259 0 1 No 
Number of observations 190    813     
Notes: Mean difference is calculated from a t-test or a chi-squared test for binary variables, where Ho is equality of means. 
 
 
15 Unit of crop revenue is originally expressed as thousand VND/m2. It is converted into $US using the exchange rate 1 $US = 21,000 VND. 
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Table 3.2: Descriptive statistics of natural disasters by provinces 
Variables Observation Mean Std. Dev. Min Max 
Number of deaths 56 54.522 40.365 0 135 
Number of people injured 56 40.743 33.934 0 193 
Number of house destroyed 56 440.271 1,074.644 0 5,770 
Number of house damaged 56 1,486.449 2,064.387 0 7,464 
Notes: This table shows the actual number of deaths, injuries, house destroyed and house damaged; In 
the empirical model, all variables are scaled by population and number of households. 
3.5. Results 
 As a starting point, the migration model in equation (3.1) is estimated without 
controlling for the potential correlation between natural disasters and agricultural production. 
The results, shown in Table 3.3, confirm that both agricultural output and natural disasters are 
important drivers of migration. The coefficients on both variables are statistically significant. 
However, collinearity between these variables prevents the accurate identification of their 
parameters.16 
 
16 The Variance Inflation Factor (VIF) of 9.8 shows that the problem of collinearity is significant. 
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Table 3.3: Natural disasters and migration – Estimation of equation (3.1)  
Dependent variable: Probability 
of Migration (1) (2) (3) (4) 
Number of deaths 0.025**    
 (0.010)    
Number of people injured  0.042***   
  (0.011)   
Number of houses damaged   0.021***  
   (0.007)  
Number of houses destroyed    0.022*** 
    (0.007) 
Log of crop revenue -0.044** -0.041** -0.041** -0.037** 
 (0.019) (0.018) (0.019) (0.018) 
Age 0.047*** 0.050*** 0.046*** 0.047*** 
 (0.014) (0.014) (0.014) (0.014) 
Age squared -0.0001*** -0.0002*** -0.0001*** -0.0002*** 
 (0.000) (0.000) (0.000) (0.000) 
Education 0.001 0.002 0.000 0.002 
 (0.004) (0.004) (0.004) (0.004) 
Household size 0.022** 0.022** 0.020** 0.022** 
 (0.009) (0.009) (0.009) (0.009) 
Migration cost -0.011 -0.013* -0.003 -0.013* 
 (0.007) (0.007) (0.007) (0.007) 
Migration Experience 0.003 0.013 0.001 0.010 
 (0.041) (0.037) (0.043) (0.039) 
Population -1.993 0.249 -0.147 -0.047 
 (1.638) (1.272) (1.694) (1.822) 
Province area 0.046 0.424 0.506 0.485 
 (0.468) (0.268) (0.347) (0.372) 
Observations 1,003 1,003 1,003 1,003 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; 
Estimated using Probit model; Results presented as average marginal effects; Natural disasters 
variables are scaled by population and number of households; *** p<0.01, ** p<0.05, * p<0.1 
 This chapter therefore adopts a residual generated regressor approach as presented in 
equations (3.2) and (3.3). Table 3.4 shows the results of the first stage which examines the 
direct impact of natural disasters on agricultural production. The results show that the 
coefficients on weather shocks, measured by number of deaths and number of houses damaged, 
are negative and statistically significant. It should be noted that disaster variables are adjusted 
for population and the number of households. Therefore, the results are interpreted in the 
following way. For the average household in the period 2006 to 2008, a 1 percent increase in 
the number of deaths and houses damaged decreases crop revenue by 6.4 and 5.2 percentage 
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points respectively.17 This impact is explained by an unfavourable climatic event during the 
planting season potentially wiping out arable land and destroying other inputs such as capital 
equipment and water supply infrastructure. During the non-planting season, impacts of these 
extreme events might include soil erosion, diseases and insect infestations.  
Table 3.4: Natural disasters and migration – Residual generated regressor approach 
(first stage) 
Dependent variable:  Log of 
crop revenue  (1) (2) (3) (4) 
Number of deaths 0.064***    
 (0.023)    
Number of people injured  0.034   
  (0.023)   
Number of houses damaged   0.052***  
   (0.015)  
Number of houses destroyed    0.055 
    (0.037) 
Ferralitic soil 0.225*** 0.185 0.138*** 0.136 
 (0.008) (0.130) (0.003) (0.160) 
Irrigated farm 0.201*** 0.242*** 0.250*** 0.249*** 
 (0.068) (0.066) (0.066) (0.085) 
Age -0.051*** -0.052*** -0.051*** -0.051*** 
 (0.015) (0.015) (0.015) (0.016) 
Age squared 0.000*** 0.000*** 0.000*** 0.000*** 
 (0.000) (0.000) (0.000) (0.000) 
Education 0.024*** 0.020** 0.016* 0.016 
 (0.009) (0.009) (0.009) (0.016) 
Household size 0.127*** 0.103*** 0.090*** 0.090** 
 (0.015) (0.015) (0.015) (0.043) 
Constant -6.430*** -5.821*** -5.648*** -5.671*** 
 (0.432) (0.423) (0.416) (0.697) 
Observations 2,748 2,748 2,748 2,748 
R-squared 0.124 0.116 0.123 0.122 
Prob > F 0.000 0.000 0.000 0.000 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; Natural 
disasters variables are scaled by population and number of households; *** p<0.01, ** p<0.05, * p<0.1 
 
 
 
17 Since most farmers in Vietnam cultivate different crops rather than a single crop, this chapter aggregates the 
yields of all crops. Results are consistent when rice crop revenue (the main crop in Vietnam) is used as the 
dependent variable. 
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 Table 3.4 also reveals that many of the control variables are statistically significant. 
High quality soils, such as ferralitic soil, are found to have a positive impact on crop revenue. 
Also, farmers who use irrigation systems to cultivate crops have higher productivity than those 
who use rain water. In relation to household characteristics, the coefficients attached to the 
education variables are statistically significant. Those who have a higher level of education are 
likely to have better knowledge of cultivation, thereby increasing their agricultural 
productivity. Similarly, the coefficients on household size also show a positive relation with 
crop revenue. A possible explanation is that when a household has a higher number of family 
members, it is faced with fewer constraints with respect to labour supply for agriculture. 
Finally, the coefficients on age variables are negative and statistically significant while the 
coefficients on quadratic terms are positive and statistically significant. Given the average age 
of household head in the sample is 50, this result shows a negative impact of age on net revenue, 
which is consistent with the findings in Chapter 2. 
 Table 3.5 presents the results of the second stage. The residual from the first stage is 
used as a proxy for agricultural output not explained by weather shocks. This approach reduces 
the collinearity between the shock and agricultural output variables. The positive coefficient 
estimates on the natural disaster variables confirm the validity of the direct impact of disasters 
on migration. For example, column 2 suggests that a 10 percent increase in the severity of 
natural disasters, measured by the number of people injured, is associated with an increase in 
the probability of a household sending a migrant by 0.49 points. Similarly, columns 3 and 4 
indicate that when weather shocks are measured by the number of houses damaged and houses 
destroyed, a 10 percent increase in the intensity of shocks will increase the probability of 
migration by 0.23 and 0.24 points, respectively. As expected the coefficients on the shock 
variables are now larger than in the starting model (although the coefficient on the number of 
deaths is no longer statistically significant). Moreover, the coefficients on the generated 
regressors (Agriculture residual stage 1) represent the impact of crop revenue (that isn’t due to 
shocks) on migration. The coefficients on these variables are statistically significant but are 
smaller in magnitude than the coefficients on the crop revenue variables in equation (3.1). 
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Table 3.5: Natural disasters and migration – Residual generated regressor approach 
(second stage) 
(a) Coefficients 
Dependent variable: Probability 
of Migration (1) (2) (3) (4) 
Number of deaths 0.193    
 (0.129)    
Number of people injured  0.344***   
  (0.073)   
Number of houses damaged   0.162**  
   (0.064)  
Number of houses destroyed    0.163** 
    (0.066) 
Agriculture Residual (stage 1) -0.244** -0.227** -0.212** -0.212** 
 (0.098) (0.105) (0.093) (0.093) 
Age 0.315*** 0.377*** 0.337*** 0.337*** 
 (0.085) (0.087) (0.087) (0.087) 
Age squared -0.003*** -0.003*** -0.003*** -0.003*** 
 (0.001) (0.001) (0.001) (0.001) 
Education -0.026 -0.025 -0.008 -0.008 
 (0.031) (0.029) (0.032) (0.032) 
Household size -0.106 -0.112 -0.124* -0.124* 
 (0.067) (0.075) (0.068) (0.068) 
Migration cost 0.013 0.053 0.036 0.034 
 (0.051) (0.056) (0.060) (0.061) 
Migration experience 0.003 -0.190 -0.116 -0.114 
 (0.389) (0.339) (0.329) (0.329) 
Population -1.771 -1.309 -1.947 -1.980 
 (1.271) (1.241) (1.275) (1.278) 
Province area 0.364 0.376 0.537** 0.544** 
 (0.295) (0.234) (0.257) (0.257) 
Constant -9.994*** -12.225*** -10.969*** -10.863*** 
 (2.334) (2.435) (2.412) (2.406) 
Observations 1,003 1,003 1,003 1,003 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; 
Natural disasters variables are normalized by population and number of households; The 
residual captures crop revenue not explained by weather shocks in the first stage; The 
second stage examines the migration decision in the year that migration decision is given, 
while the first stage examines the whole period; *** p<0.01, ** p<0.05, * p<0.1 
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(b) Marginal effects 
Dependent variable: Probability 
of Migration (1) (2) (3) (4) 
Number of deaths 0.028    
 (0.019)    
Number of people injured  0.049***   
  (0.010)   
Number of houses damaged   0.023**  
   (0.009)  
Number of houses destroyed    0.024** 
    (0.010) 
Agriculture Residual (stage 1) -0.035** -0.032** -0.031** -0.031** 
 (0.014) (0.015) (0.013) (0.013) 
Age 0.045*** 0.054*** 0.049*** 0.049*** 
 (0.012) (0.012) (0.012) (0.012) 
Age squared -0.000*** -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) (0.000) 
Education -0.004 -0.004 -0.001 -0.001 
 (0.005) (0.004) (0.005) (0.005) 
Household size 0.015** 0.016 0.018** 0.018* 
 (0.009) (0.010) (0.009) (0.009) 
Migration cost -0.002 -0.008** -0.005** -0.005* 
 (0.007) (0.008) (0.009) (0.009) 
Migration experience 0.017* 0.027* 0.017* 0.017* 
 (0.056) (0.048) (0.048) (0.048) 
Population -0.254 -0.187 -0.282 -0.287 
 (0.186) (0.179) (0.185) (0.186) 
Province area 0.052 0.054 0.078** 0.079** 
 (0.042) (0.034) (0.038) (0.038) 
Observations 1,003 1,003 1,003 1,003 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; Results 
presented as average marginal effects; Natural disasters variables are scaled by population and 
number of households; The residual captures crop revenue not explained by weather shocks in 
the first stage. The second stage examines the migration decision in the year that migration 
decision is given, while the first stage examines the whole period. Therefore, the observation in 
second stage is smaller than the first stage; *** p<0.01, ** p<0.05, * p<0.1 
 Turning to the remaining variables, the coefficients attached to the age variables are 
significant using different measurements of natural disasters. Holding other factors constant, 
households with an older household-head are more likely to have a migrant following a shock.18 
Similarly, household size is positively associated with migration. In other words, households 
with more members are likely to send out their members possibly to diversify household 
income. Another determinant of migration is the cost of migration. The larger the distance from 
 
18 The turning point of age variables is over 100, while the maximum age in our dataset is 91. Therefore, the effect 
of age on migration is interpreted as monotonic. Using the logarithm form of age provides similar results. 
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the district capital of province where households live to the nearest province, the higher the 
likely cost of migrating, and the lower the probability of migration. Finally, migration 
experience is also found to have significant role on migration decision. The results show that 
households having previous members moving out have a higher probability of migration. 
 The robustness of results is then tested by using the traditional two-stage model 
suggested by the literature (Cai et al., 2016; Kubik & Maurel, 2016). Specifically, an IV model 
presented in equation (3.4) is employed with soil type and irrigation as the instruments for crop 
revenue. The choice of instrument is motivated from literature which confirms a strong 
connection between land characteristics and agricultural production (Trinh, 2018). The results 
(in Table A3.1 of the Appendix) show a negative impact of natural disasters on crop revenue. 
The potential problem of weak instruments is examined using the Kleibergen-Paap test and 
compare with critical values suggested by Stock and Yogo (2002). The result implies a 
rejection of the null hypothesis. Also, the results of the Hansen J-test indicate that the over-
identification restrictions are valid. 
 Table 3.6 provides the estimation of second stage of the IV model. It indicates that 
income loss resulting from weather shocks is associated with higher migration. This chapter 
now turns to the comparison between the coefficients on natural disasters variables in Table 
3.5 and Table 3.6. It can be seen that the size effects of weather shocks in the traditional two-
stage model (Table 3.6) are smaller than in the residual generated regressor approach (Table 
3.5). This implies that by not accounting for the potential correlation between crop revenue and 
natural disasters, the model in Table 3.6 underestimates the impact of shocks on migration. 
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Table 3.6: Natural disasters and migration – Traditional two-stage approach (second 
stage) 
Dependent variable: Probability 
of Migration (1) (2) (3) (4) 
Number of deaths 0.017    
 (0.036)    
Number of people injured  0.025   
  (0.017)   
Number of houses damaged   0.018**  
   (0.006)  
Number of houses destroyed    0.018** 
    (0.007) 
Agriculture Residual (stage 1) -0.020*** -0.181** -0.326* -0.327 
 (0.007) (0.022) (0.163) (0.163) 
Age 0.027 0.023 0.023 0.023 
 (0.019) (0.017) (0.016) (0.016) 
Age squared -0.000 -0.000 -0.000 -0.000 
 (0.000) (0.000) (0.000) (0.000) 
Education -0.004 -0.002 -0.002 -0.001 
 (0.007) (0.006) (0.006) (0.006) 
Household size -0.017 -0.038 -0.037 -0.037 
 (0.047) (0.041) (0.039) (0.040) 
Migration cost 0.003 0.026 0.021 0.022 
 (0.069) (0.040) (0.039) (0.040) 
Migration experience 0.005 -0.039 -0.030 -0.030 
 (0.077) (0.082) (0.082) (0.083) 
Population -0.233 -0.231 -0.289 -0.284 
 (0.244) (0.243) (0.248) (0.238) 
Province area 0.060 0.093 0.103 0.102 
 (0.044) (0.104) (0.104) (0.101) 
Observations 1,003 1,003 1,003 1,003 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; 
Results presented as average marginal effects; Natural disasters variables are scaled by 
population and number of households; The residual captures crop revenue not explained 
by weather shocks in the first stage; The second stage examines the migration decision in 
the year that migration decision is given, while the first stage examines the whole period; 
*** p<0.01, ** p<0.05, * p<0.1 
 
 This chapter then performs several robustness tests. In all model specification, the 
residual-based regression approach is employed to account for the direct and indirect impacts 
of natural disasters. One potential threat to the validity of the estimation is the sample selection 
bias as this chapter mainly focuses on farm households. Therefore, the main model is re-
estimated by using a full sample which includes non-agricultural households. Given agriculture 
is the main activity in rural areas of Vietnam, the number of non-farm households is small 
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(about 15 percent of the overall sample). The results, shown in Table 3.7, provide a consistent 
finding which confirms the negative impact of weather shocks on migration decision in both 
samples. Compared with the theoretical framework, this finding indicates that individuals 
working in local off-farm sector also consider migration as a coping strategy in the presence of 
weather shocks. 
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Table 3.7: Natural disasters and migration – Overall sample and non-farm households 
Dependent variable: 
Probability of Migration 
Overall Sample Non-farm households 
(1) (2) (3) (4) (5) (6) (7) (8) 
Number of deaths 0.029    0.015    
 (0.020)    (0.023)    
Number of people injured  0.053***    0.047***   
  (0.011)    (0.011)   
Number of houses damaged   0.033***    0.023**  
   (0.009)    (0.011)  
Number of houses destroyed    0.034***    0.023** 
    (0.009)    (0.011) 
Log of crop revenue -0.064*** -0.053** -0.054** -0.053** -0.040** -0.039** -0.036** -0.036** 
 (0.022) (0.023) (0.022) (0.022) (0.016) (0.016) (0.015) (0.015) 
Observations 1,352 1,352 1,352 1,352 305 305 305 305 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; Results presented as average marginal effects; Natural 
disasters variables are scaled by population and number of households; Other control variables include age, education, household size, migration 
cost, migration experience, population, and area of province; For non-farm households, income per capita is used as the proxy for crop revenue; 
*** p<0.01, ** p<0.05, * p<0.1 
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 One question that still remains is to what extent the results are affected by using 
different types of natural disasters. To examine this issue more thoroughly, this chapter 
distinguishes between (1) hydrological disasters including floods and wet mass movements, 
and (2) meteorological disasters including storm, hailstorm, and extreme temperature.19 The 
results in Table 3.8 indicate that the impact of weather shocks is consistent across two groups. 
Still, there is weak evidence on the migration induced by meteorological disaster, illustrated 
by the significance level of coefficients at the 10 percent level. 
 
19 Other groups of disasters, such as geophysical and climatic disasters, are not considered due to its low frequency 
in Vietnam. 
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Table 3.8: Natural disasters and migration – Hydrological disasters and meteorological disasters 
Dependent variable: 
Probability of Migration 
Hydrological disasters Meteorological disasters 
(1) (2) (3) (4) (5) (6) (7) (8) 
Number of deaths 0.035*    0.012    
 (0.020)    (0.012)    
Number of people injured  0.051***    0.029*   
  (0.011)    (0.013)   
Number of houses damaged   0.022**    0.018*  
   (0.009)    (0.010)  
Number of houses destroyed    0.022**    0.018* 
    (0.009)    (0.011) 
Log of crop revenue -0.039** -0.036** -0.036** -0.036** -0.039** -0.031** -0.033** -0.033** 
 (0.016) (0.015) (0.014) (0.014) (0.017) (0.013) (0.013) (0.013) 
Observations 402 402 402 402 498 498 498 498 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; Results presented as average marginal effects; Natural 
disasters variables are scaled by population and number of households; Other control variables include age, education, household size, migration 
cost, migration experience, population, and area of province; *** p<0.01, ** p<0.05, * p<0.1 
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 Finally, to explore whether the impact of natural disasters on migration is conditional 
on the specific context related to economic and demographic characteristics, this chapter 
performs a number of sample splits. First, the sample is divided into two sub-samples: poor 
households; and non-poor households. On the one hand, poorer households are more vulnerable 
to weather shocks and might therefore have a higher probability of migration. On the other 
hand, poorer families are restricted by a lack of capital and weaker networks which might 
impede migration (Myers et al., 2008). This chapter uses information from the 2008 survey 
where households were identified as poor families using the international poverty line of $1.25-
a-day as the threshold. The dataset shows that 19 percent of households are under the poverty 
line. The results in Table 3.9 indicate that both groups are associated with a higher probability 
of migrating following a natural disaster.  
 105 
 
Table 3.9: Natural disasters and migration – Poor households and non-poor households 
Dependent variable: 
Probability of Migration 
Non-poor households Poor households 
(1) (2) (3) (4) (5) (6) (7) (8) 
Number of deaths 0.036***    0.002*    
 (0.008)    (0.032)    
Number of people injured  0.073***    0.039**   
  (0.033)    (0.009)   
Number of houses damaged   0.022***    0.019**  
   (0.007)    (0.031)  
Number of houses destroyed    0.023***    0.020** 
    (0.007)    (0.031) 
Log of crop revenue -0.043*** -0.041*** -0.039** -0.037** -0.040** -0.001** -0.031** -0.031** 
 (0.016) (0.015) (0.016) (0.011) (0.076) (0.071) (0.076) (0.055) 
Observations 810 810 810 810 193 193 193 193 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; Results presented as average marginal effects; Natural 
disasters variables are scaled by population and number of households; Other control variables include age, education, household size, migration 
cost, migration experience, population, and area of province; *** p<0.01, ** p<0.05, * p<0.1 
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  The sample is then divided into Mekong Delta and other regions. This selection is 
motivated by a couple of factors. First, Mekong Delta is the dominant agricultural region in 
Vietnam (popularly known as the "Rice Bowl" of Vietnam), which accounts for more than half 
of the country's total rice production. Second, under the impact of natural disasters, the 
government, along with international organizations such as World Bank, have implemented 
support programs in this region to improve the ability to cope with shocks. The results in Table 
3.10, however, indicate that the impact of weather shocks is significant across regions.20 This 
implies that these programs might not have been successful in providing resilience. 
 
20 It should be noted that some programs provided by the government and World Bank are allocated at household 
level. Such data, however, is not available in the sample. Further studies with better information may assert the 
effectiveness of the program. 
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Table 3.10: Natural disasters and migration – Mekong Delta and other regions 
Dependent variable: 
Probability of Migration 
Mekong Delta Other regions 
(1) (2) (3) (4) (5) (6) (7) (8) 
Number of deaths 0.019    0.024    
 (0.020)    (0.019)    
Number of people injured  0.049***    0.044***   
  (0.012)    (0.012)   
Number of houses damaged   0.024***    0.022**  
   (0.009)    (0.010)  
Number of houses destroyed    0.025**    0.022** 
    (0.010)    (0.010) 
Log of crop revenue -0.039*** -0.038*** -0.038*** -0.038*** -0.030** -0.028* -0.025* -0.025* 
 (0.013) (0.015) (0.013) (0.013) (0.014) (0.015) (0.014) (0.014) 
Observations 351 351 351 351 652 652 652 652 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; Results presented as average marginal effects; Natural 
disasters variables are scaled by population and number of households; Other control variables include age, education, household size, migration 
cost, migration experience, population, and area of province; *** p<0.01, ** p<0.05, * p<0.1 
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3.6. Conclusion 
 This chapter provides empirical evidence of weather shock-induced migration in 
Vietnam. It contributes to the literature by examining the mechanisms through which natural 
disasters can influence the decision to migrate. Using a novel econometric technique, the results 
confirm the existence of both direct and indirect mechanisms. Through the direct mechanism, 
an extreme event will destroy household infrastructure, thereby forcing people to migrate. 
Through the indirect mechanism, a weather shock can also cause crop failure and reduce 
household income, thereby affecting the decision to migrate. The results show that accounting 
for the correlation between crop revenue and weather shocks provides more accurate 
estimations of their parameters. This chapter also departs from the existing literature by 
measuring the damage of natural disasters using different indicators: number of deaths, injuries, 
houses damaged and houses destroyed. It is believed that these indicators provide an improved 
way to measure the impact of shocks relative to using their occurrence. 
 The findings suggest that weather shock-driven migration should be an important policy 
consideration in Vietnam. With rapid urbanization and development disparities across the 
country, large cities are likely to face increasing pressure from intensified migration flows after 
disasters. Since farmers may decide to migrate because of losing agricultural profit, it is 
necessary for the local government to improve their awareness and readiness to cope with 
extreme events. For example, it is essential to improve the provision of infrastructure with a 
long-term vision including the construction of hazard maps, production plans, organizing 
volunteer teams to help farmers in the post-disaster period, as well as community training and 
capacity building. 
 The finding is consistent across different groups of household characteristics and 
geographical characteristics. Still, there are some limitations of the data used for this analysis. 
The information on natural disasters used is available at the province level, which does not 
allow this chapter to examine migration within a province. However, given migration induced 
by weather shocks is a very important policy area, any such findings make an invaluable 
contribution towards policy development. Further research examining migration in Vietnam, 
should seek additional data on different types of population mobility as well as the destinations 
of migrants to allow a more meaningful assessment of migration over time. 
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Appendix – Chapter 3 
Table A3.1: Natural disasters and migration – Traditional two-stage approach (first 
stage) 
Dependent variable: Log of crop 
revenue (1) (2) (3) (4) 
Number of deaths -0.093*    
 (0.052)    
Number of people injured  -0.069*   
  (0.036)   
Number of houses damaged   -0.049**  
   (0.024)  
Number of houses destroyed    -0.049* 
    (0.027) 
Age -0.044 -0.046* -0.042 -0.042 
 (0.028) (0.028) (0.028) (0.028) 
Age squared 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) 
Education 0.015 0.014 0.010 0.010 
 (0.013) (0.013) (0.013) (0.013) 
Household size -0.122*** -0.128*** -0.122*** -0.123*** 
 (0.021) (0.021) (0.020) (0.020) 
Migration cost 0.174*** 0.122*** 0.118*** 0.119*** 
 (0.029) (0.027) (0.027) (0.028) 
Migration experience -0.104 -0.142 -0.147 -0.151 
 (0.137) (0.129) (0.129) (0.129) 
Population 0.624 -0.407 -0.424 -0.381 
 (0.533) (0.490) (0.456) (0.457) 
Province area -0.005 0.247** 0.239** 0.229** 
 (0.123) (0.102) (0.097) (0.097) 
Ferralitic soil21 0.023* 0.096** 0.083** 0.083* 
 (0.193) (0.193) (0.193) (0.194) 
Irrigated farm -0.101** -0.114* -0.112* -0.111** 
 (0.100) (0.097) (0.097) (0.097) 
Constant -6.478*** -5.484*** -5.543*** -5.576*** 
 (0.774) (0.748) (0.743) (0.746) 
Observations 1,003 1,003 1,003 1,003 
Kleibergen–Paap F-stat (H0: weak IV)  61.2 69.7 66.5 66.0 
Hansen J statistic (p-value) 0.795 0.600 0.585 0.590 
Notes: Standard errors in parentheses; Standard errors are clustered at the province level; Estimated 
using IV model (second stage); Soil type and irrigation are instruments for crop revenue; Natural 
disasters variables are scaled by population and number of households. The critical value of the F-
test from Stock and Yogo (2002) is 16.38; *** p<0.01, ** p<0.05, * p<0.1 
 
 
21 This chapter uses a subsample of VHLSS in 2006 and 2008 where soil type indicator includes ferralitic soil and 
sandy soil (the reference). Results from Table A3.1 shows a positive impact of ferralitic soil on crop revenue, 
which is consistent with findings in Chapter 2.
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CHAPTER 4 – RAINFALL SHOCKS AND CHILD HEALTH: 
THE ROLE OF PARENTAL MENTAL HEALTH 
 
4.1. Introduction 
The last few years have seen the rise of a large body of empirical studies focusing on 
the impacts of extreme climatic events on child health. Understanding these impacts is of vital 
importance since malnutrition caused by shocks early in life may have permanent long-term 
consequences such as less schooling (Alderman, Hoddinott, & Kinsey, 2006), worse cognitive 
development (Glewwe & King, 2001), and fewer opportunities for employment (Victora et al., 
2008). Children are also more vulnerable to malnutrition because of their high nutritional 
requirements and limited ability to satisfy their needs (Solomon et al., 2007). 
Two main mechanisms have emerged from the existing literature that link rainfall 
shocks and child health. The first mechanism is by reducing households’ agricultural 
production. Given the distinct features of the agricultural economy in developing countries, 
poor or excessive rainfall conditions are likely to reduce agricultural output by destroying crops 
directly, or through increasing irrigation expenditures and/or the cost of pesticides (see Chapter 
1 and Schwab & Sala-i-Martin, 2010; Trinh, 2018). Consequently, slumps in agricultural 
output will lead to a paucity of food and essential nutrients from subsistence agriculture and/or 
a lowering of income from selling agricultural produce, lessening households’ ability to secure 
a sufficient nutritional intake for children (Cornwell & Inder, 2015; Kumar, Molitor, & 
Vollmer, 2016; Lazzaroni & Wagner, 2016; Molina & Saldarriaga, 2017). The second 
mechanism is that rainfall shocks such as droughts and floods may directly contribute to the 
incidence or spread of certain infectious diseases, such as malaria and diarrhea, through the 
deterioration of potable drinking water (Rabassa, Skoufias, & Jacoby, 2012; Rocha & Soares, 
2015; Skoufias & Vinha, 2012). 
This chapter contributes to the literature by exploring a third potential mechanism that 
may affect child health. It argues that pressures from rainfall shocks are associated with poorer 
parental mental health, which in turn can result in adverse impacts on children’s physical 
health. This assumption accords with the public health literature, which indicates that children 
who grow up in families with parental mental health problems have a higher probability of 
poor physical health such as stunting and being underweight (Campbell & Lewandowski, 1997; 
Repetti, Taylor, & Seeman, 2002). In other words, poor levels of parental mental health can 
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impede the ability of parents to meet the nutritional needs of their children, impacting on their 
physical health. This chapter provides the first empirical study examining the impact of rainfall 
shocks on child health through a parental mental health mechanism.  
This chapter also makes an important contribution to the measurement of rainfall 
shocks. Most previous studies employ the deviation between actual rainfall and average rainfall 
to represent shocks (Björkman-Nyqvist, 2013; Maccini & Yang, 2009; Rocha & Soares, 2015). 
However, rainfall shocks are defined as large unexpected increases or decreases in rainfall and 
should therefore not relate to minor deviations from annual averages. This study exploits high 
frequency gridded information on rainfall to create a commune-by-month weather dataset. It 
then departs from much of the extant literature by defining rainfall shocks as binary variables. 
A drought is subsequently identified if the commune-level rainfall measure is below 25th 
percentile of the 45-year historical average rainfall, while a flood is identified when the 
commune-level rainfall measure is above 75th percentile of the 45-year historical average 
rainfall using monthly data.22  
This dataset is then combined with household and child data provided by the Young 
Lives Project. The Young Lives data provide unique information about child health in Vietnam 
over the period 2002 to 2014. Two different empirical models are employed to investigate the 
impact of rainfall shocks on child health. The first model uses panel data for approximately 
8,000 children from four rounds of Young Lives. The second model employs a cross-sectional 
analysis by focusing on 2,000 children in the first round of the Young Lives in which 
information on parental mental health is available. Thus, the first model is used to examine the 
health-rainfall shocks relationship suggested by the literature, while the second model is 
employed to explore the potential mechanism. In both models, rainfall shocks are measured at 
one, three, six, nine and twelve months before the survey date. By using different intervals of 
time, this chapter attempts to study whether rainfall shocks have immediate or delayed impacts 
on child health. 
A concern in studying the impact of parental mental health on child health relates to the 
problem of endogeneity which occurs when unobserved factors affect both parental and child 
health. For example, parents who care about their health are arguably more likely to keep a 
healthy lifestyle. At the same time, children are likely to benefit from these habits, which in 
 
22 This chapter does not employ temperature to measure weather shocks due to the high correlation between 
temperature and rainfall. Also, rainfall conditions are closely linked to agricultural production through impacts on 
irrigation systems (see Chapter 2 and Trinh, 2018). 
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turn results in better child health. This chapter addresses this issue by using an Instrumental 
Variable (IV) approach. ‘Being a victim of crime’ is used as the instrument for parental mental 
health. The choice of the instrument is motivated by literature in psychology showing a strong 
correlation between mental health and crime victims (Campbell, Dworkin, & Cabral, 2009; 
Herman, 2003). Moreover, a parent being a victim of crime will not have an impact on the 
physical health of a child directly.  
The remainder of this chapter is structured as follows. Section 4.2 provides a 
background of child health in Vietnam. Section 4.3 discusses briefly the literature on the impact 
of weather shock on child health. Section 4.4 presents the empirical framework and model and 
outlines the data. Section 4.5 reports the results, while Section 4.6 concludes with policy 
implications.  
4.2. Background of child health in Vietnam 
Vietnam is one of ten high-performing countries that in 2013 were on track to achieve 
Millennium Development Goal four (to reduce child mortality by two-thirds from a 1990 
baseline) and five (to reduce maternal mortality by three-quarters from a 1990 baseline) (Cohen 
et al., 2014). Together with the improvements in gross domestic product per capita, the health 
sector in Vietnam, especially the health of women and children, has achieved significant 
success. This section provides an overview of the health sector in Vietnam with an emphasis 
on child health.  
Historically, North Vietnam was the first region to implement a multi-level health care 
delivery system in the 1950s that included public hospitals and an extensive network of primary 
care facilities at the commune level. After reunification in 1975, the government began 
improving health infrastructure in the South, highlighted by the Preventive Health Care 
Program in the early 1980s to reduce the rate of malaria and diarrheal diseases. Since the 
political and economic reforms from 1986, known as Doi Moi, there has been significant 
progress in economic development, poverty reduction and improvements in health outcomes 
over a relatively short period (Badiani et al., 2012).  
Between the 1980s and 1990s, the government put great emphasis on access to health 
services. As a result, Vietnam had a lower rate of infant mortality compared to countries of a 
similar or higher per capita GNP in the 1990s as well as an increase in the number of 
professional doctors by five percent from 1986–1993 (Thomsen et al., 2013). During this 
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period, public health facilities were given permission to charge fees, except the commune 
health centers in remote areas. 
During the 1990s, Vietnam announced a series of special agendas called National 
Targeted Programs to reduce poverty and improve well-being and child nutrition. Thus, in the 
decade leading to 2012, the rates of infant (under one year) and child mortality (under five 
years) decreased remarkably from 42/1000 to 23.2/1000 live births, as illustrated in Figure 4.1. 
 
Figure 4.1: Under five and infant mortality rates  
Source: Vietnam 2014 Multiple Indicator Cluster Survey. 
The government also undertook the Expanded Program for Immunization introduced 
in 1981, followed by Social Health Insurance (SHI) in the mid-1990s. Under SIH, all poor 
people and children under six years can access public health services. In 1996, the Acute 
Respiratory Infection and Control of Diarrhoea Programmes and the Integrated Management 
of Childhood Illness were introduced to achieve a target immunization rate of 90 percent by 
2005. Recently, the National Nutrition Strategy 2011–2020 was set up with a focus on the 
disadvantaged population groups such as ethnic minorities and the poor in urban and rural 
areas. The primary objective of the program is to reduce child malnutrition, especially the 
prevalence of stunting, and improve physical status and stature of Vietnamese people. As a 
result, stunting in children has decreased significantly, together with improvements in access 
to safe sanitation and water (Figure 4.2). 
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Figure 4.2: Stunting and hygiene 
Source: Vietnam 2014 Multiple Indicator Cluster Survey. 
Nevertheless, there are still many challenges. The first relates to the geographic 
disparity in outcomes between regions and provinces. Official data show that the maternal 
mortality rate is much higher in remote areas, especially in the highland mountains of 
Northwest and Central Vietnam, compared to the Mekong and Red River Deltas. Furthermore, 
Doi Moi reforms led to a remarkable increase in health spending by the government with public 
sanitary facilities, but it also caused higher out-of-pocket expenditure which resulted in a 
decrease in access to health services for the poorest households (Figure 4.3).   
 
Figure 4.3: Social health insurance coverage and out-of-pocket expenditure 
Source: Vietnam 2014 Multiple Indicator Cluster Survey. 
4.3. Literature review 
 It is only since the work of Mendelsohn et al. (1994) that the study of climate change 
in the field of economics has gained momentum. In this seminal work, the authors propose a 
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Ricardian model to explain the adverse impacts of increases in temperature and changes in 
precipitation on agricultural production (see Chapter 2). Building on the work of Mendelsohn 
et al. (1994), there are a significant number of empirical studies using this method to examine 
the relationship between climate change and other social and economic issues, such as 
migration, poverty and food security (Adger, 1999; Devereux & Edwards, 2004; Gray & 
Mueller, 2012b). Around the early 2000s, researchers began to link the effects of climatic 
shocks, especially rainfall shocks, on child health. Given the high level of vulnerability of 
children to shocks, a vast and growing body of literature has focused on child health. This 
section provides a brief overview of the recent literature examining climatic shocks and child 
health. 
4.3.1. Climatic shock and child mortality 
 According to WHO and UNICEF (2013), global child mortality has dropped 
significantly in recent years, from 12.6 million children dying before age five in 1990, to 6.6 
million in 2012. Nevertheless, child mortality in developing countries is 9.2 million children 
every year, implying a child mortality rate of 175 per 1000 in developing economies. This 
compares to 6 per 1000 in industrialized countries. In the climatic shocks and child mortality 
literature, it has been established that extreme events, such as drought and flooding, can lead 
to infant mortality by spreading disease in the environment and reducing nutrition for children 
caused by reductions in income. Kudamatsu (2012) finds a strong connection between extreme 
weather conditions and child mortality using Demographic and Health Survey (DHS) data 
across 28 African countries. Other studies also find the same results, such as Singh and 
Siahpush (2002) for the Pacific Islands and Azhar et al. (2014) for India. 
 Focusing on the role of water availability as the way climatic shocks can affect child 
nutrition, Rocha and Soares (2015) hypothesize that negative rainfall shocks may directly 
decrease the availability of safe drinkable water, increasing the incidence of infectious diseases 
and reducing the absorption of nutrients. By using data for around 5.4 million births in Brazil 
during the period 1996–2000, the research shows that negative rainfall shocks are associated 
with higher infant mortality, lower birth weight, and shorter gestation periods. The study 
suggests that expanding access to treated water and sanitation is an effective way to minimize 
water paucity and improve child health.  
 Another body of literature focuses on the income channel that may link climatic shocks 
and mortality (Baird, Friedman, & Schady, 2011; Burgess et al., 2013). The underlying 
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assumption in these studies is that the household’s ability to provide adequate nutritional intake 
and health-improving goods for children is vitally important in their early life. For instance, 
Burgess et al. (2013) use an OLS regression to study the case of India and investigate the 
income effect on child mortality. The results show that a greater number of hot days during the 
growing season increased child mortality in rural areas by negatively affecting agricultural 
production. In the same vein, Rossel (2008) applies crop yield as an IV for climate shocks and 
shows that agricultural loss is likely to increase the rate of mortality in Peru. 
 While most studies report a negative impact of shocks on child mortality, there are a 
few studies which find either a positive impact or an insignificant impact. For instance, Deaton 
and Paxson (2001) employ data on birth cohorts in the US in the period 1975–1995 and find 
that an increase in income during the recovery period is likely to lead to a high mortality rate 
as a result of increasing risk-taking behavior during upturns. Similarly, the same result is found 
in the study of Chay and Greenstone (2003) using the US sample. In contrast, other studies, 
such as Sekhri and Storeygard (2014) in India and Tiwari, Skoufias, and Sherpa (2013) in 
Nepal, find no relationship between rainfall shocks and mortality.  
 In view of all that has been mentioned so far, such studies remain narrow in focus 
dealing only with child mortality. Another strand of literature, therefore, has emerged to 
investigate the effects of extreme weather in early life on the later health of children. While 
some research has been carried out on its impacts in long-term, other studies have paid attention 
to the short-term consequences of shocks. 
4.3.2. Long-term consequences of shocks and child health 
 Maccini and Yang (2009) offer the first comprehensive empirical analysis investigating 
whether exposure to shocks in utero or early childhood affects health. The main assumption in 
their study is that higher rainfall will increase crop output, thereby increasing nutrition for 
children. By using the data of 4,615 women and 4,277 men born between 1953 and 1974 in 
Indonesia, the authors point out that women in areas with 20 percent higher rainfall in one year 
before birth are 3.8 percentage points less likely to self-report poor or very poor health. They 
also attain 0.57 centimeters greater height compared to the reference group. Surprisingly, the 
results do not apply to men which indicate a gender bias in household resource allocation. The 
innovative and seminal work of Maccini and Yang (2009) includes a new theoretical health 
function which is determined by initial health endowment, history of health inputs, disease 
environment, and other demographic variables. Although this study does not find any 
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significant impact of negative rainfall shocks on health, it sheds light on the model for later 
studies in the same field. 
 Following Maccini and Yang (2009), Cornwell and Inder (2015) examine the impacts 
of rainfall shocks on child health using the Indonesian Family Life Survey in 2007. Instead of 
examining shocks one year before birth, Cornwell and Inder (2015) measure rainfall shocks 
occurring in the nine months of gestation, 1-3 months of life and 4-6 months of life. While 
most previous studies focus on rainfall variability to capture shocks, they also contribute to the 
literature by using not only variability but also the level of rainfall. The analysis shows that 
impacts of rainfall shocks in pregnancy and infancy are different between rural and urban areas. 
In rural areas, rainfall’s impact is primarily by way of its influence on the availability of food 
and hence nutrition, while both nutrition and disease effects prevail in urban areas. 
 While previous studies implicitly assume there is an income channel as the underlying 
mechanism between climatic shocks and child health, Deuchert and Felfe (2015) examine this 
directly. These authors provide evidence of the consequences of typhoons that occurred when 
children were six years old, up to the age of 21/22. By using a sample of 2,391 children in the 
Philippines from 1991 to 2005, results show that households suffering damage (measured by 
income losses) are associated with lower resources allocated to children, including both health 
and school investments.  
 In a recent study, Groppo and Kraehnert (2016) provide new evidence on the important 
role of receiving aid from the government as an efficient strategy to cope with child 
malnutrition. This study focuses on the extremely harsh winter of 2009–2010 in Mongolia, 
which caused 10.3 million livestock to perish and threatened the main source of income, food, 
and wealth. To account for potential bias, since aid was targeted to relatively poorer households 
and those experiencing severe livestock losses, the authors use a district-level measure of 
support or tons of food and animal fodder distributed per district, combined with district fixed 
effects. The results point out that each additional ton of relief delivered in a child’s district is 
significantly associated with an increase in the height-for-age z-scores by 0.05 standard 
deviations for children of exposed cohorts who live in severely affected areas. Other coping 
strategies, such as the ability to borrow money or ask relatives for help, are also positively 
correlated with child outcomes. 
 Taken together, the studies mentioned so far support the hypothesis that climatic shocks 
occurring in the early life of children have negative impacts on their long-term health. Still, 
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there is a vigorous debate about the validity of this relationship since most of these studies have 
failed to consider the possible effect of short-term shocks that may have immediate impacts on 
child health (Deuchert & Felfe, 2015; Lohmann & Lechtenfeld, 2015). Given this fact, many 
recent studies concentrate on the short-term impacts of climatic shock on child heath. 
4.3.3. Short-term consequences of shocks and child health 
 A seminal study in this area is the work of Deschênes, Greenstone, and Guryan (2009). 
Using cross-sectional data on 37.1 million births from the United States, the authors find that 
exposure to hot days during pregnancy has deleterious effects on health, causing an increase in 
the probability of low birth weight. In the model specification, the authors introduce a list of 
variables to control for individual characteristics, such as mother’s age, fertility history, marital 
status and educational attainment. Also, county-year-demographic group fixed effects are 
included to capture the effect of any secular difference in birth outcomes within a year that is 
independent of temperature exposure. Finally, this study provides future predictions of climate 
change and estimates that the mean birth weight will reduce by 0.22 percent for whites and 
0.36 percent for blacks by the end of the century.  
 From the work of Deschênes et al. (2009), the relationship between climate change and 
health at birth has been widely examined in different cases, especially in the developing world. 
For example, Molina and Saldarriaga (2017) exploit birth data from the Demographic Health 
Surveys (DHS) in Bolivia, Colombia, and Peru and find that exposure to a temperature shock 
(which is one standard deviation from municipality’s long-term mean) during pregnancy 
reduces birth weight by 20 grams. In this study, the authors carefully control for the 
municipality of birth fixed effects to account for geographic level unobservable impacts and 
also include the month of birth fixed effects to control for seasonality. 
 Andalón et al. (2016) question the usefulness of birth weight since it may be affected 
by various unobservable factors, such as genetic characteristics. In their analysis of 1.5 million 
births in rural areas in Colombia, the authors provide a broad range of health outcomes: birth 
weight, normalized birth weight, full-term baby, length and healthy Apgar (a synthetic 
measurement based on a newborn’s appearance), pulse, grimace, activity, and respiration. The 
results show that exposure to low heat waves during the first and second trimesters of 
pregnancy reduces the length at birth by between 0.014 and 0.018 cm, while exposure to 
moderate heat waves during the third trimester of pregnancy reduces the weight of the infant 
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at birth by about 4.1 g. The Apgar score decreases between 0.2 and 0.6 percentage points under 
the negative effects of low heat waves.  
 In a study investigating the impact of natural disasters on child health in rural India, 
Datar et al. (2013) highlight the importance of delayed outcomes of shocks on child health 
rather than looking at only outcomes at birth. By using the Indian National Family and Health 
Survey (NFHS) and the Emergency Disasters Database (EMDAT), the authors employ a broad 
range of child health outcomes including morbidity, physical growth, and immunizations. They 
also suggest that previous research examining the link between climatic shocks in gestation 
and health at birth uses a cross-sectional model which is not able to account for unobservable 
characteristics of children and parents. In their analysis, Datar et al. (2013) conduct fixed 
effects panel regressions for indicators of health, with a dummy variable for whether a natural 
disaster took place or not, and control for gender, birth order, quadratic in mother's age at the 
time of birth, parental education, religion, scheduled cast. The results show that exposure to a 
natural disaster in the past month leads to an increase in the probability of acute illnesses such 
as fever, diarrhea and respiratory problems, in children under five years of age by 9-18 percent. 
In a household affected by a natural disaster in the past year, height for age (HFA) and weight 
for age (WFA) z-scores drop by 0.12-0.15 standard deviations – a seven percent increase in the 
likelihood of stunting and underweight. The disaster also reduces the probability of having 
completed age-appropriate immunization by almost 18 percent. The effects of disasters vary 
significantly by age, gender, and other socio-economic characteristics; for instance, the 
negative impact on HFA is much smaller among boys and infants. Concerning maternal 
education, they find that children of uneducated mothers are more likely to be stunted and thin. 
Finally, the study concludes that children living in the southern states of India have higher 
weight than those in the rest of the country following a disaster, which is consistent with 
relatively greater economic development among southern states. 
4.3.4. Climatic shocks and child health in Vietnam  
 To date, there are only two empirical studies on the impact of rainfall shocks on health 
in Vietnam. Thai and Falaris (2014) examine the long-term effects of rainfall shocks during 
the year of pregnancy and the first three years of life in rural Vietnam on children’s human 
capital investments and health. Using the 1998 Vietnam Living Standard Survey and 
considering children aged between 6 and 19, the authors find that a rainfall shock in the third 
year of life is positively associated with standardised height only in the Mekong Delta region. 
In contrast, the impacts of shocks occurring in the gestation period and the first two years of 
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life are insignificant. There are some limitations with the study of Thai and Falaris (2014). 
First, the authors do not explicitly account for the income effect and environment effects as the 
main channels between climatic shocks and child health. As a result, the model specification 
only includes household demographic characteristics. Another shortcoming is the potential bias 
in results caused by possible impacts of shocks in the short-term. As argued by the previous 
literature, the long-term impacts of climatic shocks may be weaker since households adapt to 
climatic shocks, such as changing crops or migrating (see Chapter 2 and Chapter 3).   
 In a recent study, Lohmann and Lechtenfeld (2015) look at the short-term effect of 
drought on health outcomes using the data of 2,000 households in three provinces in Vietnam. 
Unlike Thai and Falaris (2014), Lohmann and Lechtenfeld (2015) explicitly include family 
income in the model specification to examine the indirect impacts of shocks on health through 
income channels. The results suggest that rural households affected by drought experience 
deterioration in sanitary conditions and face significantly higher health expenditures. 
Nevertheless, this study has failed to separate the impact of shocks on child health. Since 
children are more vulnerable to extreme events than parents, the impact of shocks on child 
health can be more severe. Also, the study ignores the direct potential impact of drought on 
health by spreading diseases in the environment.  
 To overcome these shortcomings, this chapter attempts to present new evidence of the 
relationship between climatic shocks and child health in Vietnam. This chapter explores a new 
potential mechanism that may affect child health by assuming that climatic shocks will lead to 
a poorer parental mental health, resulting in adverse impacts on child health. Contrary to 
previous studies in Vietnam using cross-sectional regression, this chapter also employs a panel 
model with fixed effects to control for the unobservable characteristics of children and parents. 
4.4. Model specification and data 
4.4.1. Model specification 
This chapter develops a new framework linking extreme climatic events and child 
health outcomes. Figure 4.4 presents a conceptual model of the relationship between rainfall 
shocks and child physical health. It provides a summary of mechanisms through which a 
rainfall shock can impact on child health. One mechanism is environmental disease whereby a 
rainfall shock, such as a flood, is linked to a higher incidence of diseases such as cholera or 
malaria (Rabassa et al., 2014; Rocha & Soares, 2015; Skoufias & Vinha, 2012). A second 
mechanism is where shocks have direct impact on agriculture, resulting in a fall in agricultural 
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output and an increase in food prices. Consequently, households may reduce expenditures by 
changing food consumption habits, which in turn leads to adverse impact on child health 
(Cornwell & Inder, 2015; Kumar et al., 2016; Lazzaroni & Wagner, 2016; Molina & 
Saldarriaga, 2017). This chapter explores a third potential mechanism through which rainfall 
shocks impact on child physical health. It is possible that distressed parents, under pressure 
from shocks, are not able to effectively care for their children. Parental mental health levels, in 
turn, are affected by other factors. For example, mothers who have strong social support 
networks are less likely to suffer from poor mental health. In contrast, mothers who have 
suffered from shocks, including rainfall shocks, are more likely to have poorer levels of mental 
health (Dumont & Provost, 1999; Thoits, 2011). 
Figure 4.4 also indicates that children and household characteristics play an important 
role in mediating the relationship between agricultural production and child health. For 
example, households with a high level of parental education or wealth are likely to be better 
prepared for, and able to cope with, adverse shocks.  
 
 
Figure 4.4: A conceptual model of the impact of rainfall shocks on child health 
From the conceptual framework, this chapter derives two empirical models to estimate 
the impact of rainfall shocks on child health using panel data. The first model is specified as 
follows: !",$ = &' + &)*+,-.+//_1ℎ345",$67 + &89",$ + &:;",$ + &<=",$ +	?" + @",$		 (4.1) 
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where Yi,t represents the health outcomes of child i in year t. Two different measurements of 
child health are used: binary dependent variables which take the value of one if child i is either 
identified as stunted or being underweight at time t, respectively. The independent variables of 
primary focus are the vector of Rainfall_shocksi,t-T which examines whether child i was 
exposed to drought or flood in the past T = 1, 3, 6, 9 or 12 months before the interview date. 
Vector Ci,t represents control variables for child i in year t, which includes age in months and 
gender; vector (Pi,t) includes parental characteristics such as the number of children, education 
and age; and the vector of household characteristics (Hi,t). Finally, µi represents child specific 
unobservable characteristics such as genetic factors. A fixed-effect model is thus employed, 
along with a pooled-probit model as robustness check. 
This chapter then investigates the role of parental mental health as the mechanism 
through which rainfall shocks impact on child health. The Young Lives project only collected 
information on parental mental health in the first round (Young Cohort), so this model uses 
cross-sectional data. An IV-Probit model is employed using victim of a crime as the instrument 
for parental mental health since parent mental health is likely to be endogenous to child health 
(Chase-Lansdale, Cherlin, & Kiernan, 1995; Cherlin, Chase-Lansdale, & McRae, 1998). It is 
likely that that parents who were victims of crime would suffer from depression, nervousness 
and tenseness which are associated with poorer mental health. The first stage therefore 
examines the parental mental health as a function of crime and other control variables, such as 
age, gender, and education. The model also includes rainfall shocks as they are expected to 
decrease parental mental health by increasing their level of stress. In the second stage, the 
impact of parental mental health on child physical health is examined. The other explanatory 
variables in the model are as in equation (4.1). By including rainfall shocks in both stages of 
the IV-Probit model, this chapter attempts to examine both direct and indirect of shocks on 
child health. The model is therefore specified as: ;+BC-D+/_EC-D+/_ℎC+/Dℎ",$ = F' + F)*+,-.+//_1ℎ345",$67 + F89B,EC",$ + F:9",$ +F<;",$ + FG=",$ + H",$   (4.2) !",$ = I' + I)*+,-.+//_1ℎ345",$67 + I8;+BC-D+/_EC-D+/_ℎC+/Dℎ",$ + I:9",$ + I<;",$ +IG=",$ + J",$    (4.3) 
Previous studies using cross-sectional data have failed to adjust for the initial health of 
the child which may cause biased results. Since the information of child health before the first 
round is not available, weight at birth of child is used as a proxy for initial health. As most of 
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the children in the Young Cohort are aged between five and 18 months, it is believed that 
weight at birth is a valid variable to represent the initial health of a child.  
A potential threat to the identification strategy comes from using a victim of crime as 
the instrument for parental mental health. When randomization is not possible in this analysis, 
instrumental variable regression is the traditional way to deal with endogeneity. However, 
finding a convincing instrument is challenging. One may argue that having parent who was a 
victim of a crime could negatively affect child health through income channel or changes to 
parental physical health that impact their ability to care for their children. There are other 
potential variables in Young Lives which can be used as the instrument, such as parental 
divorce or receiving social support. Still, these variables can directly affect child health through 
different mechanisms. Therefore, being a victim of crime is considered as the most appropriate 
instrument in the context of this study. 
4.4.2. Data 
Rainfall data 
This chapter uses historical rainfall information derived from the Gridded Monthly 
Time Series data (Version 4.01) provided by the National Oceanic and Atmospheric 
Administration (NOAA). The dataset contains global historical estimates of rainfall for a grid 
of 0.5 degrees by 0.5 degrees of latitude and longitude, for the period 1900–2014. The Vietnam 
administrative boundaries shape file is used to match the rainfall data with each commune in 
the Young Lives dataset. In the sample, there are total 20 communes equally distributed in five 
provinces. For each commune, the average monthly rainfall is calculated over a 45-year period 
covering the years 1970–2014. Rainfall shocks are then measured at the following different 
intervals: one, three, six, nine and twelve months before the interview date. At each interval, 
rainfall variability is defined as the deviation between the total rainfall and the historical 
average rainfall for the same commune: *+,-.+//	K+B,+L,/,DM"$= *"$ -	*N$OOOO    (4.4) 
where *"$ indicates total monthly rainfall in commune i at interval t, *N$OOOO is the historical average 
rainfall in the same commune. This measure of rainfall variability is then used to construct 
rainfall shocks variables including (i) drought and (ii) flood. Following Abiona (2017a, 2017b) 
and Burke, Gong, and Jones (2014), an episode of drought and flood is defined in the following 
way: 
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PB3QRℎD"$= 1  if *"$ < 25th percentile of *N$OOOO   (4.5) S/33T"$ = 1   if *"$ > 75th percentile of *N$OOOO   (4.6) 
From (4.5) and (4.6), a drought during interval t is identified if the total rainfall in that 
period is below the 25th percentile of the historical average rainfall within commune i, while a 
flood is identified when the total rainfall is above the 75th percentile of the historical average 
rainfall within commune i. Both rainfall shock variables are therefore binary, taking the value 
of one when either a drought or a flood occurs.  
Figure 4.5 shows the occurrence of droughts and floods across Vietnam. This chapter 
focuses on the period 2002–2014, which is able to link to health data. The figure highlights 
large variability in the incidence of both drought and flood shocks. While some provinces are 
more likely to have experienced either a drought or flood, provinces in the South of the country 
have experienced both with high frequency.  
 
 
Figure 4.5: Number of droughts and floods per province in the period 2002–2014 
Notes: A darker value represents a higher frequency of weather shocks. Five provinces in the Young 
Lives Project include Lao Cai, Hung Yen, Da Nang, Phu Yen, and Ben Tre. 
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Regarding the five provinces covered in the Young Lives survey, Hung Yen in the 
North has the highest number of droughts (between seven and nine), followed by Da Nang and 
Phu Yen in the coastal center. At the extreme Northern and Southern ends, respectively, Lao 
Cai and Ben Tre have the lowest number of droughts in the survey (between one and three). 
The Central region has a higher frequency of floods than its Northern and Southern 
counterparts. In the five provinces in the Young Lives survey, Da Nang and Phu Yen have the 
highest number of floods (between four and five) during the period 2002–2014, while the 
number of floods in other provinces ranges from one to three.  
Child health data 
 The child health data employed in this chapter is derived from the Young Lives Project. 
Young Lives is a longitudinal research project on childhood poverty tracking the lives of 2,000 
children (Young cohort) in Vietnam from 2002 to 2014.23 The dataset provides a full range of 
child health measurements, such as weight, height, BMI, the standardised height-for-age z-
score (HAZ) and the standardised weight-for-age z-score (WAZ). This chapter uses the HAZ 
and WAZ as measures of child health. The z-scores provide information on how the 
anthropometric characteristics of a child compare to same-aged children from the reference 
group.  
 This chapter follows the definition of the World Health Organization in 2010 to identify 
whether a child suffers from stunting and/or being underweight. Stunting is defined as having 
a height-for-age z-score lower than two standard deviations of the WHO Child Growth 
Standards median. A weight-for-age z-score which is lower than two standard deviations of the 
WHO Child Growth Standards median is used as the threshold to identify underweight status. 
Figure 4.6 plots the frequency distribution of HAZ and WAZ of Vietnamese children in the 
Young Lives sample. The distribution of these scores is highly skewed to the left of the center 
indicating that stunting and being underweight are prevalent among Vietnamese children. 
Approximately 23 percent and 22 percent of children suffer from stunting and being 
underweight, respectively.24 
 
23 The Old cohort of Young Lives Project (about 1,000 children) is not considered in the main analysis due to 
missing information on parental and child health. 
24 Several studies employed the HAZ and WAZ directly in the model (Fichera & Savage, 2015; Humphries et al., 
2017). This chapter goes one step further by using these indicators to identify stunting and being underweight. 
This is to prevent the problems of interpreting the sign and size of their coefficients. For example, while an 
increase in the weight-for-age z-score for a child at the lower end of the distribution would be viewed as 
favourable, this is not true for a child with an already high score at the upper end of the distribution. 
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Figure 4.6: Histogram of HAZ and WAZ for Vietnamese children 
Parent Mental Health Data  
The first round of the Young Lives contains information relating to parental mental 
health, measured using the Every Feeling Questionnaire (EFQ) developed by Goodman et al. 
(2000). The EFQ consists of 20 questions that measure symptoms related to depression and 
anxiety (see Table A4.1, Appendix for the details of the questionnaire). There are two response 
options (true and not true) reflecting psychological well-being in the past four weeks.  
This study constructs an index of mental health using Explanatory Factor Analysis 
(EFA). The results of the Factor Loading Matrix (shown in Table A4.2 of the Appendix) 
indicate that a one-factor solution is acceptable. The index shows that respondents with higher 
scores have higher levels of mental health. In the sample, most respondents are the biological 
mother of the child. It is therefore postulated that mothers with poorer levels of mental health 
from the impact of rainfall shocks, can adversely impact on child health by exhibiting a lack of 
concern as well as negative behaviors toward their children (Reupert, Maybery, & Kowalenko, 
2013). 
Control variables  
To examine the impact of rainfall shocks on child health, the model also includes a 
number of control variables such as child age, gender, and number of children in the 
households. Parent’s education levels, measured by highest grade of school completed, are 
included. It is likely that more educated parents have healthier children if they have better 
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knowledge about health care and nutrition. Furthermore, educated parents are potentially more 
likely to engage in healthier behavior, while providing a safer environment for their children 
(Behrman & Deolalikar, 1988; Glewwe, 1999). To account for the effects of rainfall shocks on 
child health, previous studies also include household income based on the assumption that 
slumps in agricultural output caused by shocks will result in falls in income and an insufficient 
nutritional intake for children. The Young Live Project does not collect income data. A wealth 
index, calculated by Young Lives, is thus employed as the proxy for household income. The 
wealth index consists of three components: housing quality, housing consumption, and housing 
services, which are assumed to be strongly correlated with family income.25 Finally, the 
instrumental variable, being a victim of crime, is derived from the first round of Young Lives. 
A dummy variable is built equal to one if the respondent (in most case is the biological mother 
of child) was a victim of crime in the last two weeks prior to the interview date.  
Previous studies focus on farm households because their (agricultural) production is 
directly affected by rainfall shocks. This assumes, however, that households not specialized in 
agricultural activities will not be directly affected by crop failure. In this chapter, it is argued 
that rainfall shocks may have indirect impacts on the latter households by increasing food 
prices, thereby reducing food consumption. Consideration is also given to attrition in the panel 
data, due to migration, leading to bias. While temporary migration to urban areas has been 
observed in some households, attrition in the panel of the Young Lives data is very low, with 
attrition rates of between two percent and three percent in each round. 
This chapter also exploits data on the support received by households’ in the first round 
of Young Lives to examine the role of assistance on household resilience. Formal support for 
households includes access to financial support from the government. Previous studies show 
that many households in rural areas have informal social networks as a source of support during 
times of need (Carter & Maluccio, 2003; Fafchamps & Lund, 2003; Murali & Afifi, 2014; Sam 
et al., 2017). These informal channels include support from relatives, friends, or neighbors. 
This chapter follows the literature by including both formal and informal sources of support in 
the empirical model. 
 
25 The wealth index has been widely used in previous studies as a proxy for household income (e.g. Montgomery 
et al., 2000; Rutstein and Johnson, 2004). It is explained by the fact that household income is often not available 
in surveys in developing countries due to large income fluctuation and in-kind income. This chapter also uses 
household expenditure as alternative proxy for income and find a similar result. 
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Table 4.1 provides summary statistics for the main variables used in this chapter. The 
sample is equally split between girls and boys. This chapter first examines the impact of rainfall 
shocks on child health using a panel data of approximate 8,000 children from Young Lives. It 
then further investigates the role of parental mental health of approximate 2,000 children in 
Round 1.26 A small number of observations are excluded in the modeling due to missing values 
for child health and other variables. As a precursor to the empirical analysis, Table 4.2 
examines the relationship between child health indicators and rainfall shocks based on the 
observed data. It shows that in areas exposed to floods or droughts within the past twelve 
months, children have a higher rate of being stunted and underweight, compared to those living 
in areas not affected by weather shocks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
26 Information on parental mental health is only available in the first round of Young Lives. 
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Table 4.1: Summary statistics 
Variables Observation Mean Std. deviation Min Max 
Child health indicators      
Stunting (Yes=1) 7,547 0.216 0.412 0 1 
Underweight (Yes=1) 5,698 0.192 0.394 0 1 
Child characteristics      
Child gender (Girl=1) 7,616 0.511 0.500 0 1 
Child age (in months) 7,588 78.848 49.299 0.5 163 
Weight at birth (in kilogram) 2,000 3.100 0.447 1.4 5.3 
Household characteristics      
Number of children 7,616 1.170 1.038 0 11 
Wealth index 7,544 0.535 0.199 0.005 1 
Mother age  7,590 32.628 7.076 15 60 
Father age  7,374 35.493 7.235 15 67 
Mother education (in years) 7,274 6.800 3.990 0 15 
Father education (in years) 6,971 7.531 3.944 0 15 
Government support (Yes=1) 2,000 0.046 0.208 0 1 
Friend support (Yes=1) 2,000 0.833 0.374 0 1 
Family support (Yes=1) 2,000 0.944 0.230 0 1 
Rainfall shocks      
Drought in the past one month 7,616 0.499 0.500 0 1 
Flood in the past one month 7,616 0.559 0.497 0 1 
Drought in the past three 
months 7,616 0.602 0.489 0 1 
Flood in the past three months 7,616 0.513 0.500 0 1 
Drought in the past six months 7,616 0.580 0.414 0 1 
Flood in the past six months 7,616 0.415 0.493 0 1 
Drought in the past nine months 7,616 0.588 0.492 0 1 
Flood in the past nine months 7,616 0.533 0.499 0 1 
Drought in the past twelve 
months 7,616 0.373 0.484 0 1 
Flood in the past twelve months 7,616 0.499 0.500 0 1 
Notes: The Weight-for-Age Z-score and underweight status are not available in the Round 4; 
Weight at birth and support variables are only available in Round 1. 
 
Table 4.2: Descriptive analysis for child health and rainfall shocks 
  Stunting  Underweight  
Any droughts in the past twelve months No 0.235 0.215 
 Yes 0.312 0.281 
Any floods in the past twelve months No 0.214 0.233 
 Yes 0.385 0.282 
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4.5. Results 
 The empirical model starts with a series of cross-sectional estimations of equation (4.1) 
for each round of the Young Lives dataset. One advantage of this approach is its ability to 
control for the fact that droughts and floods are likely to impact on children of different age 
groups differently. For example, children are particularly vulnerable to rainfall shocks in the 
first three years of life (Thai & Falaris, 2014). The results shown in Table 4.3 present the impact 
of rainfall shocks on child health status at different ages starting from Round 1 where children 
were about 6-8 months to Round 4 where children were about 13-14 years old. The coefficients 
on the rainfall variables, which are presented as marginal effects, reveal that rainfall shocks are 
associated with a higher probability of poor child health in subsequent periods.27 The results 
are consistent with a wide range of previous studies using the cross-sectional data (Abiona, 
2017a; Cornwell & Inder, 2015; Groppo & Kraehnert, 2016). The evidence is weaker in 
subsequent rounds, suggesting that younger children suffer greater impact from shocks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
27 Results are consistent when the impacts of droughts and floods are modelled in separate regressions. 
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Table 4.3: Impacts of rainfall shocks on child health – Cross-sectional data 
Child health 
outcomes  
Round 1 Round 2 Round 3 Round 4 
Stunting Underweight Stunting Underweight Stunting Underweight Stunting 
Drought in the past 
one month 0.452*** 0.105** 0.068 0.210 0.279** 0.040 0.018 
 (0.136) (0.042) (0.094) (0.179) (0.127) (0.040) (0.098) 
Flood in the past one 
month 0.349*** 0.026 0.059 0.292 0.231* 0.066 0.025 
 (0.133) (0.058) (0.095) (0.184) (0.124) (0.054) (0.098) 
Drought in the past 
three months 0.299*** 0.158*** 0.033 0.055 0.194*** 0.041 0.016 
 (0.079) (0.053) (0.106) (0.058) (0.075) (0.053) (0.109) 
Flood in the past three 
months 0.142** 0.281*** 0.019 - 0.052 0.090 0.057 
 (0.061) (0.064) (0.107)  (0.055) (0.060) (0.110) 
Drought in the past six 
months 0.084** - 0.157 0.221** -0.043 - 0.051 
 (0.043)  (0.114) (0.089) (0.036)  (0.116) 
Flood in the past six 
months - - 0.123 0.165* - - 0.047 
   (0.112) (0.095)   (0.113) 
Drought in the past 
nine months 0.166** 0.094*** 0.015 0.045 0.110* 0.047 0.030 
 (0.071) (0.033) (0.048) (0.042) (0.066) (0.031) (0.054) 
Flood in the past nine 
months - - -0.017 0.010 - - 0.150** 
   (0.059) (0.054)   (0.065) 
Drought in the past 
twelve months 0.035 0.036 -0.021 0.071 0.062 -0.050 -0.000 
 (0.077) (0.039) (0.108) (0.051) (0.071) (0.039) (0.107) 
Flood in the past 
twelve months - - 0.055 0.077 - - -0.002 
   (0.091) (0.058)   (0.094) 
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Table 4.3: Impacts of rainfall shocks on child health – Cross-sectional data (Continued) 
Child health 
outcomes  
Round 1 Round 2 Round 3 Round 4 
Stunting Underweight Stunting Underweight Stunting Underweight Stunting 
Child gender (Girl=1) 0.065*** 0.036* 0.051*** 0.022 0.046*** -0.032* 0.044** 
 (0.017) (0.020) (0.018) (0.018) (0.016) (0.019) (0.020) 
Child Age -0.014 -0.121* -0.019 -0.067 -0.007 -0.104 0.034 
 (0.017) (0.069) (0.087) (0.142) (0.013) (0.064) (0.098) 
Child Age squared 0.001** 0.001* 0.000 0.000 0.001** 0.001* -0.000 
 (0.001) (0.001) (0.000) (0.000) (0.001) (0.001) (0.001) 
Number of Children 0.014 0.025** 0.035*** 0.036*** 0.021*** -0.007 0.021* 
 (0.009) (0.011) (0.010) (0.010) (0.008) (0.010) (0.011) 
Wealth Index -0.244*** -0.197** -0.191*** -0.198** -0.154** -0.201*** -0.351*** 
 (0.066) (0.081) (0.069) (0.092) (0.060) (0.075) (0.077) 
Mother Age -0.000 0.001 0.004 0.006* -0.001 0.002 0.003 
 (0.003) (0.004) (0.003) (0.003) (0.003) (0.003) (0.004) 
Father Age -0.001 0.000 -0.001 -0.002 0.002 -0.000 -0.000 
 (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 
Mother Education -0.005* -0.015*** -0.012*** -0.009** -0.004 -0.012*** -0.009** 
 (0.003) (0.004) (0.004) (0.004) (0.003) (0.004) (0.004) 
Father Education -0.005** -0.008** -0.008** -0.008** -0.004 -0.002 -0.006 
 (0.003) (0.004) (0.003) (0.003) (0.002) (0.004) (0.004) 
Observations 1,873 1,627 1,631 1,586 1,873 1,629 1,631 
Notes: Standard errors in parentheses; Results presented as marginal effects; Floods and droughts in some intervals are omitted 
due to collinearity; Information on weight is not collected in Round 4; Standard errors are clustered at the commune level; *** 
p<0.01, ** p<0.05, * p<0.1 
Given that cross-sectional data does not take into account individual fixed effects, Table 
4.4 presents the results of fixed-effect model and pooled-probit model. It indicates that living 
in areas where floods occur six months before the interview date increases the probability of 
being stunted by 0.122 (for the fixed-effects model).28 Children that suffer from floods in the 
past twelve months are associated with a 0.067 increase in the probability of being 
underweight. Similarly, children experiencing droughts occurring in the six and twelve months 
prior to the interview date are approximately 0.127 and 0.045 more likely of being stunted. 
Finally, droughts occurring three and twelve months before the interview increase the 
probability of being underweight by approximately 0.081. Similar results are found when using 
a pooled-probit model, which confirm the robustness of the analysis. 
 
 
 
 
28 A Hausman test shows a preference for the fixed-effects model. 
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Table 4.4: Impacts of rainfall shocks on child health – Panel data 
Child health outcomes Fixed-effect model Pooled-Probit model Stunting Underweight Stunting Underweight 
Drought in the past one month 0.001 0.008 0.020 0.019 
 (0.017) (0.020) (0.024) (0.032) 
Flood in the past one month 0.024 0.004 0.012 0.021 
 (0.018) (0.021) (0.025) (0.033) 
Drought in the past three 
months 0.025 0.018 0.027 0.003 
 (0.017) (0.027) (0.024) (0.041) 
Flood in the past three months 0.007 0.007 0.026 0.051 
 (0.022) (0.030) (0.030) (0.045) 
Drought in the past six months 0.127*** 0.044 0.132*** 0.062 
 (0.030) (0.037) (0.038) (0.057) 
Flood in the past six months 0.122*** 0.022 0.111*** 0.026 
 (0.028) (0.036) (0.035) (0.055) 
Drought in the past nine months 0.007 0.014 0.013 0.032 
 (0.018) (0.020) (0.025) (0.032) 
Flood in the past nine months 0.027 0.027 0.027 0.081** 
 (0.021) (0.023) (0.028) (0.036) 
Drought in the past twelve 
months 0.045*** 0.081*** 0.040* 0.100*** 
 (0.017) (0.020) (0.023) (0.031) 
Flood in the past twelve months 0.023 0.067*** 0.042 0.062* 
 (0.020) (0.023) (0.028) (0.037) 
Child gender (Girl=1) 0.040*** 0.023** 0.046*** 0.023** 
 (0.013) (0.011) (0.009) (0.011) 
Child Age 0.001*** 0.002*** 0.001** 0.003*** 
 (0.000) (0.001) (0.001) (0.001) 
Child Age squared -0.000*** -0.000* -0.000** -0.000 
 (0.000) (0.000) (0.000) (0.000) 
Number of Children 0.015*** 0.008* 0.026*** 0.015*** 
 (0.005) (0.005) (0.005) (0.005) 
Wealth Index -0.129*** -0.093*** -0.195*** -0.183*** 
 (0.033) (0.033) (0.035) (0.039) 
Mother Age 0.002 0.002 0.003 0.002 
 (0.002) (0.002) (0.002) (0.002) 
Father Age -0.002 -0.001 -0.002 -0.000 
 (0.002) (0.002) (0.002) (0.002) 
Mother Education -0.009*** -0.007*** -0.010*** -0.008*** 
 (0.002) (0.002) (0.002) (0.002) 
Father Education -0.008*** -0.004** -0.007*** -0.004* 
 (0.002) (0.002) (0.002) (0.002) 
Observations 6,717 5,133 6,717 5,133 
Notes: Standard errors in parentheses; Results presented as marginal effects; Standard errors are 
clustered at the commune level; As a robustness test, equation (1) is estimated using different intervals 
of rainfall shocks separately, and the results are consistent; *** p<0.01, ** p<0.05, * p<0.1 
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Given the seasonal nature of agricultural activity, the impact of falling income on 
consumption and child health is likely to occur with a delay: rainfall shocks occurring during 
the cropping season will reduce production only after harvesting. This notion is consistent with 
the significant coefficients of shocks which occur earlier than one month. Recent studies in 
developing countries show that rainfall shocks may also increase the opportunity cost of time 
for agricultural labor (Kim, 2010; Miller & Urdinola, 2010). It is likely that crop failure caused 
by shocks will force parents to find other jobs to compensate for the loss of income. In turn, 
mothers respond by reducing the time they spend with their children. However, this mechanism 
is insignificant in Vietnam, since women play a relatively minor role in subsistence agriculture. 
 Table 4.4 also shows that the coefficients on control variables are consistent with 
literature. For example, health outcomes are higher for girls than they are for boys. There is 
evidence that wealthier households are associated with better health outcomes of children. 
Interestingly, children have a higher probability of being stunted and underweight if there are 
more children in the family. This could be explained by the fact that having more children leads 
to fewer resources that can be devoted to each child. Finally, children with parents that have 
higher levels of education have a lower probability of being stunted or underweight.  
This chapter now turns to the exploration of an alternative mechanism between rainfall 
shocks and child health. As discussed above, rainfall shocks may lead to adverse impact on 
parental mental health, which in turn results in negative outcomes for child health. This study 
exploits the unique data on parental mental health in the first round of the Young Lives Project 
(Young Cohort). The IV-Probit model is applied by using an idiosyncratic shock, being a 
victim of crime, as the instrumental variable for parental mental health. 
Table 4.5 shows the estimation of the IV-Probit model. In the first stage, the results 
show that parents who were victims of crime are more likely to have poor mental health. The 
strength of instrument is confirmed by the Kleibergen-Paap Wald F-statistic test for the case 
of being underweight.29 The results also indicate that droughts and floods which occurred at 
three and nine months before the interview date have significant impact on parental mental 
health. The results are consistent with a large body of literature which indicates that economic 
hardship, mainly in the form of income lost, is strongly correlated with diminished 
psychological well-being of parents (Evans-Lacko et al., 2013; Karanikolos et al., 2013).  
 
 
29 The critical value of 16.38 suggested by Stock and Yogo (2002) implies a rejection of the null. 
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Table 4.5: Impacts of rainfall shocks on parental mental health 
(a) Coefficients 
Variables  
Stunting Underweight 
First stage Second stage First stage Second stage 
Parental mental health - 2.054 - 4.038*** 
  (2.168)  (1.093) 
Being victim of crime 0.061** - 0.061** - 
 (0.030)  (0.030)  
Drought in the past one month 0.154** 0.775 0.154** -0.194 
 (0.078) (0.696) (0.078) (0.536) 
Flood in the past one month 0.090 0.538 0.090 -0.077 
 (0.075) (0.490) (0.075) (0.419) 
Drought in the past three months -0.028 1.465*** -0.028 0.959** 
 (0.052) (0.344) (0.052) (0.439) 
Flood in the past three months -0.063 0.999*** -0.063 0.683*** 
 (0.039) (0.159) (0.039) (0.216) 
Drought in the past nine months 0.105*** 0.131 0.105*** 0.552*** 
 (0.024) (0.299) (0.024) (0.178) 
Child gender (Girl=1) 0.005 0.278*** 0.005 0.128 
 (0.011) (0.092) (0.011) (0.092) 
Weight at birth 0.000 -0.001*** 0.000 -0.001*** 
 (0.000) (0.000) (0.000) (0.000) 
Mother age 0.003** 0.011 0.003** 0.005 
 (0.001) (0.017) (0.001) (0.016) 
Father age -0.004*** -0.005 -0.004*** 0.009 
 (0.001) (0.016) (0.001) (0.014) 
Mother education 0.000 -0.022 0.000 -0.007 
 (0.002) (0.014) (0.002) (0.012) 
Father education -0.002 -0.005 -0.002 -0.005 
 (0.002) (0.014) (0.002) (0.014) 
Constant 0.009 -1.185* 0.009 -0.800 
 (0.135) (0.703) (0.135) (0.874) 
Kleibergen-Paap Wald F-statistic 
test Wald test (Prob > chi2) 35.633 - 29.218 - 
Observations 1,047 1,047 1,047 1,047 
Notes: Standard errors in parentheses; Floods in other intervals are omitted due to collinearity; 
The instrumental variable is being a victim of crime; Standard errors are clustered at the 
commune level; Information on parental mental health is only available for half of our sample; 
The critical value of the F-test from Stock and Yogo (2002) is 16.38; *** p<0.01, ** p<0.05, 
* p<0.1 
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(b) Marginal effects 
  (1) (2) 
Variables Stunting Underweight 
Parental mental health 0.520 0.976*** 
 (0.568) (0.322) 
Drought in the past one month 0.196 -0.047 
 (0.169) (0.132) 
Flood in the past one month 0.136 -0.019 
 (0.120) (0.102) 
Drought in the past three months 0.371*** 0.232** 
 (0.074) (0.096) 
Flood in the past three months 0.253*** 0.165*** 
 (0.037) (0.049) 
Drought in the past nine months -0.033 0.133*** 
 (0.077) (0.048) 
Child gender (Girl=1) 0.070*** 0.031 
 (0.022) (0.021) 
Weight at birth -0.000*** -0.000*** 
 (0.000) (0.000) 
Mother age 0.003 0.001 
 (0.004) (0.004) 
Father age -0.001 0.002 
 (0.004) (0.003) 
Mother education -0.006 -0.002 
 (0.004) (0.003) 
Father education -0.001 -0.001 
 (0.003) (0.003) 
Observations 1,047 1,047 
Notes: Standard errors in parentheses; Results presented as 
marginal effects; *** p<0.01, ** p<0.05, * p<0.1 
 
Having established that the instrument has power in the first stage, the second stage 
examines the impact of parental mental health on child health. This stage of the IV-Probit 
estimation examines whether poorer parental mental health will result in a higher probability 
of their children being stunted or underweight. The results of the second stages in Table 4.5 are 
suggestive that these expectations are correct.  
The coefficients on the mental health variable are positively associated with the 
probability of a child being underweight. One unit increase in parental mental health will 
increase the probability of being underweight by 0.439. Interestingly, the impact of rainfall 
shocks on stunting is not statistically significant, except for drought and flood in the past three 
months. This could be explained by the fact that stunting is measured by child height, which is 
less responsive to a temporal shock, compared to child weight. Overall, the results are 
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consistent with previous studies in the public health literature, which indicate that mothers who 
reported higher levels of emotional distress are more likely to find it difficult to care for their 
children. In extreme cases, highly depressed mothers may rely less on reasoning and more on 
a loss of privileges in disciplining their children. As a result, children are at high risk of 
suffering both physical and mental health problems (Reupert et al., 2013). 
The direct impact of weather shock on child health is again confirmed by the significant 
coefficients on the flood and drought variables. The coefficients attached to other control 
variables are consistent with a priori expectations. For example, girls have a higher probability 
of adverse health outcomes compared to boys. To account for the initial health of child, weight 
at birth is used as a proxy. Not surprisingly, the results in Table 4.5 show that children who 
have higher weight at birth are likely to have a lower probability of being stunted or 
underweight in later periods.  
From a policy perspective, it is useful to identify which coping mechanisms are best 
suited to reduce the negative outcomes of child health. This chapter focuses on the three most 
common sources of support that households receive, including government support, family 
support, and support from friends. This information is available from the Young Lives dataset, 
which asks whether households receive any of these types of support in the past twelve months. 
In the empirical model, the support variables are interacted with floods which occurred in the 
past one and three months. The coefficients in Table 4.6 indicate that households receiving 
support from any of these channels are less vulnerable to shocks in terms of child health.30 For 
example, for children living in households exposed to a flood one month before the survey 
date, receiving government support results in a 0.662 decrease in the probability of being 
underweight. Overall, the results confirm the important role of both formal and informal 
support on reducing the adverse effects of shocks on child health. 
 
 
 
 
 
 
30 Findings are consistent with support–drought interaction terms. 
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Table 4.6: Rainfall shocks and child health – Roles of support 
  (1) (2) 
Variables Stunting Underweight 
Parental mental health 1.960 3.648*** 
 (1.707) (1.104) 
Child gender (girls) 0.284*** 0.138 
 (0.090) (0.085) 
Weight at birth -0.001*** -0.001*** 
 (0.000) (0.000) 
Mother age 0.019 0.018 
 (0.015) (0.017) 
Father age -0.011 0.006 
 (0.015) (0.015) 
Mother education -0.027* -0.018 
 (0.015) (0.013) 
Father education -0.007 -0.018 
 (0.012) (0.014) 
Flood in the past one month -0.557 -0.793* 
 (0.397) (0.443) 
Government support 0.827** 1.001*** 
 (0.347) (0.245) 
Flood in the past one month*Government support -0.681* -0.662** 
 (0.375) (0.318) 
Friend support -0.438** -0.591*** 
 (0.196) (0.192) 
Flood in the past one month*Friend support 0.341 0.675*** 
 (0.324) (0.190) 
Family support 0.828* 0.764*** 
 (0.501) (0.234) 
Flood in the past one month*Family support 0.287 0.226 
 (0.279) (0.392) 
Flood in the past three months 0.996** 0.468 
 (0.429) (0.473) 
Flood in the past three months*Government support -0.648 -0.662* 
 (0.426) (0.401) 
Flood in the past three months*Friend support 0.243 0.635*** 
 (0.255) (0.194) 
Flood in the past three months*Family support -0.938** -1.122*** 
 (0.450) (0.392) 
Constant 0.392 -0.390 
 (0.989) (0.523) 
Observations 1,047 1,047 
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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4.6. Conclusion 
Many developing countries are becoming increasingly vulnerable to climate change and 
its associated weather shocks, generally represented by droughts and floods. In economies that 
depend on agricultural production, a high frequency of shocks may result in significant impact 
on incomes, nutrition and health. The effects of rainfall shocks on child health have been well 
established by the literature. Most studies show that children who suffer from extreme events 
subsequently exhibit lower health indicators, such as weight at birth, height-for-age z-score and 
weight-for-age z-score.  
This chapter provides a better understand the impact of extreme climate events on child 
health in Vietnam. Relying on panel data for child health from the Young Lives Project and 
average rainfall data for 45 years, this chapter examines the relationship between rainfall 
shocks and child health outcomes. The findings indicate that children living in areas where 
floods and droughts occur in the past three, six, nine and twelve months before the interview 
date are likely to have a higher probability of stunting or being underweight. 
Importantly, the findings provide evidence for a new mechanism through which rainfall 
shocks impact on child health. Using an IV-Probit model, this chapter finds that rainfall shocks 
are associated with poorer mental health of mothers, which is, in turn, associated with adverse 
impacts on child health. It is likely that mothers who reported higher levels of emotional 
distress after-shocks alter their behavior which impacts on children’s physical health. The 
precise mechanism through which this occurs is left for future research, but it is postulated that 
poor levels of mental health lead to poor physical health of children. Finally, this chapter also 
evaluates the effectiveness of different coping strategies. It shows that households receiving 
support from formal and informal channels are less vulnerable to shocks in terms of child 
health.  
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Appendix – Chapter 4 
Part A: Additional tables 
Table A4.1: Parental mental health questionnaire 
Number Questions 
1 Did you often have headaches? 
2 Was your appetite poor? 
3 Did you sleep badly? 
4 Were you easily frightened? 
5 Did your hands shake? 
6 Did you feel nervous, tense or worried? 
7 Was your digestion poor? 
8 Did you have trouble thinking clearly? 
9 Did you feel unhappy? 
10 Did you cry more than usual? 
11 Did you find it difficult to enjoy your daily activities? 
12 Did you find it difficult to make decision? 
13 Did your daily work suffer? 
14 Were you unable to play a useful part in life? 
15 Did you lose interest in things? 
16 Did you feel you were a worthless person? 
17 Were things so bad that you felt that you just couldn't go on? 
18 Did you feel tired all the time? 
19 Did you have uncomfortable feelings in your stomach? 
20 Were you easily tired? 
Notes: Codes used for the resulting variables are: 1 = Yes, 2 = No; Codes 
are reversed implying that that higher index scores are associated with poor 
parental mental health. 
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Table A4.2: Factor loadings (pattern matrix) and unique variances – Parental mental 
health 
Questions Factor 1 Uniqueness 
Did you often have headaches? 0.470 0.706 
Was your appetite poor? 0.517 0.677 
Did you sleep badly? 0.493 0.716 
Were you easily frightened? 0.431 0.804 
Did your hands shake? 0.409 0.830 
Did you feel nervous, tense or worried? 0.585 0.631 
Was your digestion poor? 0.388 0.830 
Did you have trouble thinking clearly? 0.547 0.694 
Did you feel unhappy? 0.592 0.650 
Did you cry more than usual? 0.484 0.741 
Did you find it difficult to enjoy your daily activities? 0.451 0.755 
Did you find it difficult to make decision? 0.535 0.703 
Did your daily work suffer? 0.468 0.711 
Were you unable to play a useful part in life? 0.430 0.666 
Did you lose interest in things? 0.536 0.614 
Did you feel you were a worthless person? 0.399 0.708 
Were things so bad that you felt that you just couldn't go on? 0.471 0.690 
Did you feel tired all the time? 0.605 0.549 
Did you have uncomfortable feelings in your stomach? 0.389 0.812 
Were you easily tired? 0.600 0.523 
Notes: Factor loadings between −0.3 and 0.3 are suppressed. 
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Part B: Rainfall shocks and child mental health – A robustness check 
The main objective of this chapter is to examine the relationship between rainfall shock 
and child physical health. This section provides a robustness check to study its impact on child 
mental health. Given that child physical health is strongly related to child mental health, it is 
reasonable to assume that rainfall shocks will pose an adverse impact on child mental health. 
The Old Cohort data in the first round of Young Lives is used to check whether climatic shocks 
pose adverse impacts on mental health of children. There are 1,000 observations of children 
between seven and nine years old. Child mental health problems were measured using the self-
report version of the Strengths and Difficulties Questionnaire (Goodman, 1997). The SDQ asks 
about 25 statements divided into five scales for emotional symptoms, conduct problems, 
hyperactivity-inattention, peer problems and social behavior (see Table A4.3). Similar to the 
parental psychological issues, this section uses Explanatory factor analysis to test the structure 
of these scales. One common factor which represents child mental health is reported (see Table 
A4.4). Higher values of the index are associates with poorer mental health.  
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Table A4.3: The strength and difficulties questionnaire – Child mental health 
Number Statements 
1 Considerate of other people’s feelings 
2 Restless, overactive, cannot stay still for long 
3 Often complains of headaches, stomach-aches or sickness 
4 Shares readily with other children (treats, toys, pencils, etc.) 
5 Often has temper tantrums or hot tempers 
6 Rather solitary, tends to play alone 
7 Generally obedient, usually does what adult requests 
8 Many worries, often seems worried 
9 Helpful if someone is hurt, upset or feeling ill 
10 Constantly fidgeting or squirming 
11 Has at least one good friend 
12 Often fights with other children or bullies them 
13 Often unhappy, down-hearted or tearful 
14 Generally liked by other children 
15 Easily distracted, concentration wanders 
16 Nervous or clingy in new situations 
17 Kind to younger children 
18 Often lies or cheats 
19 Picked on or bullied by other children 
20 Often volunteers to help others 
21 Thinks things out before acting 
22 Steals from home, school or elsewhere 
23 Gets on better with adults than with other children 
24 Many fears, easily scared 
25 Sees tasks through to the end, good attention span 
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Table A4.4: Factor loadings and unique variances – Child mental health 
Statements Factor 1 Factor 2 Factor 3 Uniqueness 
Considerate of other people’s feelings  0.871 -0.379 0.060 
Restless, overactive, cannot stay still for long    0.911 
Often complains of headaches, stomach-aches or 
sickness 0.424 
 
 0.817 
Shares readily with other children (treats, toys, 
pencils, etc.) 
 
 0.398 0.771 
Often has temper tantrums or hot tempers 0.491   0.753 
Rather solitary, tends to play alone 0.304   0.900 
Generally obedient, usually does what adult requests   0.303 0.851 
Many worries, often seems worried   0.334 0.786 
Helpful if someone is hurt, upset or feeling ill    0.991 
Constantly fidgeting or squirming 0.420   0.800 
Has at least one good friend  0.857 -0.405 0.061 
Often fights with other children or bullies them 0.318   0.871 
Often unhappy, down-hearted or tearful 0.509   0.727 
Generally liked by other children   0.305 0.854 
Easily distracted, concentration wanders 0.435   0.757 
Nervous or clingy in new situations 0.528   0.714 
Kind to younger children   0.326 0.818 
Often lies or cheats    0.999 
Picked on or bullied by other children 0.421   0.820 
Often volunteers to help others   0.393 0.749 
Thinks things out before acting   0.399 0.783 
Steals from home, school or elsewhere    0.975 
Gets on better with adults than with other children    0.907 
Many fears, easily scared 0.568   0.656 
Sees tasks through to the end, good attention span    0.843 
Notes: Factor loadings between −0.3 and 0.3 are suppressed. 
Table A4.5 provides the estimated results of the impact of climatic shocks on child 
mental health. The occurrence of droughts and floods in three, six, and nine months before the 
interview strongly correlate with the level of mental health. The results are consistent with the 
impact of shocks on the physical health of children. In addition, there is evidence that a wide 
range of support channels can improve child mental health. For example, children in 
households who receive supports from the local community, religious groups or government, 
are less likely to experience poorer levels of mental health.  
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Table A4.5: Impacts of climatic shocks on child mental health 
Dependent variable: Child Mental Health 
Drought in the past 3 months 0.506** 
 (4.71) 
Flood in the past 3 months 0.212* 
 (1.97) 
Flood in the past 6 months 0.182** 
 (3.39) 
Flood in the past 9 months 0.228* 
 (2.38) 
Child gender (Girl=1) -0.041 
 (0.80) 
Number of Children -0.073** 
 (4.14) 
Rural Areas -0.235 
 (1.89) 
Child Age 0.001 
 (0.15) 
Mother Age -0.000 
 (0.26) 
Mother Education -0.006** 
 (1.02) 
Wealth Index -0.253*** 
 (1.37) 
Support from Relatives 0.045 
 (0.44) 
Support from Friends -0.059 
 (0.70) 
Support from Community -0.151* 
 (2.20) 
Support from Religious group -0.274 
 (1.66) 
Support from Government -0.433** 
 (3.47) 
Support from NGO -0.108 
 (1.53) 
Constant 0.499 
 (0.58) 
Observations  999 
Notes: Robust standard errors in parentheses; Floods and droughts in 
other intervals are omitted due to collinearity; The table shows the 
results of OLS estimation; *** p<0.01, ** p<0.05, * p<0.1 
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CHAPTER 5 – POLITICAL CONNECTIONS AND POST-
DISASTER ASSISTANCE IN RURAL VIETNAM 
 
5.1. Introduction 
There is an emerging body of literature that examines political connections in the 
context of economic development (Caeyers & Dercon, 2012; Lehne, Shapiro, & Eynde, 2018; 
Markussen & Tarp, 2014). Poor levels of governance and financial accountability in 
developing countries can lead to resources flowing to a privileged few. Government officials 
using their resources to serve their own self-interests will reduce the effectiveness of poverty 
alleviation programs. This chapter examines whether communes with greater political 
connections are more likely to receive support programs from the central government after 
natural disasters in Vietnam. It contributes to the literature by examining political connections 
and disaster assistance in a country that is not a democracy as well as looking at the relative 
impacts of different types of connections. The issue is becoming increasingly pertinent with 
climate change resulting in a higher frequency and intensity of climatic shocks. 
Other factors support a strong case for this investigation in Vietnam. The country 
remains solidly authoritarian, governed by entrenched single-party regimes that maintain a 
pervasive presence in the realm of economic governance. The political regime can grant 
favours to well-connected individuals which often extend to communities more broadly. In the 
context of post-disaster assistance programs, the central government might allow local leaders 
and government representatives to select the recipients of its support (Alatas et al., 2012). Local 
elites might therefore favour their friends and relatives, which results in a lack of legitimacy 
and reduced efficiency of assistance programs. Electoral incentives and financial kickbacks 
provide other potential mechanisms for political connections influencing disaster assistance. 
As noted previously, Vietnam is one of five countries deemed most-affected by climate 
change and has been suffering from a high frequency of natural disasters (ISPONRE, 2009). 
Edenhofer et al. (2011) report an annual economic loss equivalent to 1.3 percent of GDP in the 
period 1990 to 2009 resulting from different types of natural disasters – both hydro-
meteorological (floods, storms and droughts) and geophysical (landslides and earthquakes). 
Since 2005, the government of Vietnam, with support from international organizations, has 
spent more than $450 million in implementing disaster resilience projects in more than 6,000 
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communities across the country (ISPONRE, 2009). Despite these efforts there are still 
households and affected areas which have not received support. The UNDP (2015) has argued 
that a lack of consistency in managing funds between central government and local government 
is partially responsible for this. Furthermore, the allocation of resources in the post-disaster 
period may be directed by local officials, who tend to show ‘favouritism’ toward their 
hometown or places where they have connectedness. Given the distinct features of the political 
environment in Vietnam and the country’s vulnerability to disasters, an examination of the 
relationship between political connections and government assistance programs is clearly 
warranted. Findings from this chapter, although focused on Vietnam, may also inform research 
on resource allocations in other managed economies. 
This chapter examines ‘family ties’ and ‘social ties’ under the authoritarian regime in 
Vietnam, highlighted by the relationship between political connections and post-disaster 
assistance. It is believed that communes with greater political connections are more likely to 
secure funding from the central government following a natural disaster. The subjects of this 
analysis are public officials working in the political system with direct or indirect influence on 
the decision of resource allocation. This chapter focuses on post-disaster relief efforts because 
government funded disaster resilience programs are distributed at the local government level, 
while other public welfare programs such as those aimed at poverty alleviation and food 
security, are distributed at a household level.  
This chapter uses broader definitions of political connectedness than those used in 
previous studies of Vietnam. Political connections are identified as: (i) households with 
members as public officials; (ii) households with relatives as public officials living outside the 
household; and (iii) households with friends or acquaintances as public officials. Public 
officials, in the context of this chapter, are defined as those who hold public responsibility at 
the commune or district level.31  
The hypothesis in this chapter is that communes with households that have members or 
relatives that are public officials will receive greater support since these officials will favour 
their hometown. To dig deeper into this mechanism, this chapter explores different types of 
relationship between household members and an official, such as whether the official is a parent 
or a brother/sister to a household member versus whether households with friends as public 
officials have a greater chance of receiving support following a disaster.  
 
31 Top officials and people working in state-owned enterprises are not included according to this definition.  
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This chapter also considers whether being connected to officials at the district or 
commune is important. In Vietnam, public assistance to affected areas in the post-disaster 
period is allocated according to the level of funding required. The decision to provide support 
is exercised in different stages by the central, provincial, district and then commune levels. The 
district officials have direct authority to allocate assistance to communes. Therefore, it is likely 
that a district leader, who was assigned from the central government the rights to allocate 
resources, may favour his/her hometowns in terms of support received. An official working at 
district level may also use his/her political capital to influence the decision of the leader, such 
as suggesting certain areas that could benefit from the support program. This also applies to 
the case of commune officials even without direct budget authority. A higher number of 
commune officials is associated with a broader network, which means that they can exercise 
their influence over district officials in order to obtain government assistance for their 
preferred/home communes. Finally, this chapter examines whether officials being leaders 
versus non-leaders matters as we expect the former type of connection will have more political 
weight than the latter.  
To examine the relationship between political connection and post-disaster assistance, 
this chapter develops a simple theoretical framework to inform the empirical strategy. The 
latter uses Vietnam Access to Resources Household Survey (VARHS) data, provided by the 
United Nations University’s World Institute for Development Economics Research (UNU-
WIDER) and the Vietnamese Statistical Office. The existing literature has been constrained by 
the paucity of data on the ranking of officials in authoritarian countries which are often too 
sensitive to obtain. The VARHS provides unique information on public officials at the 
household level. They are matched with the data on receiving support in the post-disaster period 
at the commune level which is available in the period 2012–2014. This chapter estimates the 
probability that a commune receives support from the government following a disaster, subject 
to it having a politically connected household. This approach has been widely used in studies 
examining the probability of participating in poverty alleviation programs (Panda, 2015) or 
receiving government credit (Markussen & Tarp, 2014). The political connections variable is 
measured using the total connections reported by households at the commune level, divided by 
the total population of the commune.  
Findings from this chapter stress a significant role of political connections on the 
resource allocation in the context of climatic shocks. The findings show that communes with 
higher levels of connections are more likely to receive support in a post-shock period. There is 
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strong, robust evidence of ‘family ties’ as the mechanism. Interestingly, there is weak evidence 
of the ‘social ties’ channel. Also, district officials, who take the direct responsibility to allocate 
funds, tend to favour their hometown more than those who work at the commune levels. 
Overall, the findings suggest that political connection can serve as an impediment which might 
reduce the effectiveness of assistance programs. 
The rest of this chapter is structured as follows. Section 5.2 introduces a background of 
political connections in Vietnam and what they might mean for communes in the aftermath of 
a natural disaster. Section 5.3 provides a summary of recent studies investigating the impact of 
political connections on resource allocation. Section 5.4 presents the theoretical model of 
political connections and disaster assistance as well as discussing the empirical strategy and 
data used in this study. Section 5.5 presents and interprets the results while Section 5.6 provides 
the conclusion. 
5.2. Background of political connections and post-disaster assistance in 
Vietnam 
As in many other authoritarian regimes, Vietnam’s political system is characterised by 
a one-party structure, responsible for making decisions about economic and social policies. 
Under this regime, the government selects and appoints all executive and legislative positions, 
while most citizens have little influence over draft bills or who stands for elections in the 
National Assembly (Gillespie, 2008). In the context of public welfare, this could be associated 
with a problem of hometown favouritism whereby state officials direct (more) public resources 
toward their own communes (Do, Nguyen, & Tran, 2017). This is particularly likely when the 
process of collecting information on eligibility for welfare programs is costly and the allocation 
of financial resources is based on criteria other than objective need. As a result, the allocation 
of government resources across communes is likely to be inefficient, at least from a 
development perspective.  
How resources are allocated is of particular importance because Vietnam is relatively 
vulnerable to climatic and weather shocks. Located in a tropical monsoon region with a diverse 
and complex topography, Vietnam suffers from different types of natural disasters and 
approximately 70 percent of the population is exposed to risks from such extreme events 
(ISPONRE, 2009). Figure 5.1 presents the economic loss caused by floods between 1983 and 
2012. One of the most serious shocks was the devastating flood in 2000 which caused an 
economic loss of about $250 million (equivalent to 0.8 percent of GDP in that year) in the 
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Mekong Delta. The figure also indicates that climatic shocks have occurred mostly in rural 
areas with low levels of economic development, compared to the major urban cities such as 
Hanoi and Ho Chi Minh City.  
 
Figure 5.1: Distribution of floods between 1983 and 2012 – Economic loss (percent of 
GDP) 
Source: EM-DAT, The OFDA/CRED International Disaster Database, Université catholique de 
Louvain, Brussels, Belgium: http://www.emdat.be  
Given the vulnerability of rural areas to natural disasters, the government of Vietnam 
has provided more than $450 million in support to more than 6,000 communities since 2005 
(ISPONRE, 2009). Support programs are designed to provide financial resources for affected 
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provinces and communes to improve infrastructure as well as provide food and other facilities 
to vulnerable households. However, there are challenges in resource allocation. For example, 
corruption and poor coordination among government agencies can divert funds away from 
specified programs and their potential beneficiaries. Consequently, there are areas which have 
not had access to support from the local government, and many depend entirely on charity for 
their recovery (UNDP, 2015). 
Another issue is the decentralization of resource allocation. The central government is 
not able to collect all information on beneficiaries. Subject to the level of funding required, the 
central government assigns to lower-level authorities, including provincial, district, and 
commune levels, the responsibility of directing funds to affected areas. In post-climatic shock 
periods, it is less likely that officials in the local government can distribute resources effectively 
and equally. Instead, they might make decisions based on self-interest including the allocation 
of funds to communes where they have connections.  
Figures 5.2 and 5.3 present the summary of political connections and climatic shocks 
in Vietnam using the VARHS dataset. Several findings are derived from these figures. First, 
the number of political connections is stable from 2012 to 2014. A small change of political 
connections can be explained by retirement, promotion or moving to other positions. It should 
be noted that getting appointed to these positions is not via national election, or via public 
competition. Second, the number of climatic shocks has increased significantly in all provinces 
of our sample, which implies that climate change is an increasingly important issue in Vietnam. 
In this chapter, the hypothesis is that having political connections will increase the probability 
of receiving support from government in the post-disaster period through one or both of the 
mechanisms identified above. 
 154 
 
 
Figure 5.2: Political connections in Vietnam in the period 2012–2014 (percent of GDP) 
Notes: A darker value represents a higher proportion of political connections; the connections to 
officials are calculated by taking total number of political connections divide by total population in the 
same commune. VARHS covers 12 provinces in Vietnam, the information on other area therefore is 
missing from the figure. 
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Figure 5.3: Climatic shocks in Vietnam in the period 2012–2014 (percent of GDP) 
Notes: A darker value represents a higher number of climatic shocks; climatic shocks include flood, 
drought, typhoon and landslide. VARHS covers 12 provinces in Vietnam, the information on other area 
therefore is missing from the figure. 
5.3. Literature review 
The literature on political connections in developing countries is relatively recent. 
Besley, Pande, and Rao (2011) find that government officials in south India use their agenda-
setting power to allocate more resources to their own village. Similarly, Panda (2015) shows 
that households connected to a local political executive have a higher probability of receiving 
poverty-alleviating entitlements in India. These results are consistent with those reported by 
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Alatas et al. (2012) in Indonesia and Goldstein and Udry (2008) in the case of Ghana. Caeyers 
and Dercon (2012) provide the first study investigating political connections in the context of 
climatic shocks. Using a small dataset of 15 rural areas in Ethiopia, the authors find that 
households with local political connections received higher cash or food receipts than 
households without such connections in the period following the 2002 drought. Aldrich (2010, 
2016) find political connections played a role in the distribution of post tsunami aid to southern 
India and the earthquake and tsunami recovery efforts in Japan in 2011. Atkinson et al. (2015) 
find political connections are important influences of assistance provided to households in the 
Philippines following typhoons.   
In the context of Vietnam, Markussen and Tarp (2014) investigate the relationship 
between having relatives (outside of the household) in positions of political power and land 
investments in rural areas. They find that family ties to local government officials encourage 
household land-related investments. Using the Vietnam Access to Resources Household 
Survey (VARHS), the authors identify three explanations for this finding. They find that 
households with political connections: (i) have a lower probability of being expelled from the 
land by the state; (ii) have greater access to credit; and (iii) receive higher levels of transfers. 
Do et al. (2017) find evidence of family ties among government officials in Vietnam. Findings 
indicate that the home communes of officials receive greater government funded infrastructure 
within three years of them being promoted. The authors argue that an official’s favouring of 
their hometown is captured in the old saying ‘when one person becomes a mandarin, his whole 
clan benefits’. While interesting, this depiction potentially severely under-represents the true 
value (or cost) of political connections by limiting them to only one channel – being from the 
same hometown.  
5.4. Model specification and data 
5.4.1. Model specification 
This section introduces a simple theoretical model that outlines the relationship between 
political connections and government post-disaster support programs. While other 
development programs, such as poverty alleviation and agricultural development programs are 
often distributed at the household level, support programs after disasters are allocated at a 
commune level. It is postulated that communes that have stronger political connection are more 
likely to receive support from the government. This chapter assumes that government 
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authorities in Vietnam behave as if they are a single individual with the following ordinal utility 
function:32 U = ∑ [.(Y", Yℎ", 9", ;4")]\"])         subject to Pr(Yℎ345") = 1   (5.1) 
where Pr(Yℎ345") is the probability function that climatic shocks occurred in commune i. 
Utility is a function of	Y", the amount of support that commune i receives in a post-disaster 
period, the characteristics of the shock (Yℎ"), and a vector of commune’s characteristics (9") 
which includes both time variant factors, such as the level of need, and time invariant factors, 
such as geographic conditions. The key variable in our analysis is political connections that 
commune i has with government authorities	(;4"). It is expected that communes with more 
connections in the political system will receive more support. It thus follows that ^_^`ab > 0. 
Following (5.1), the task of government is to maximize the sum of welfare functions from all 
communes subject to the following budget constraint: 
S = ∑ Y"\"])         (5.2) 
where S is the budget for the government’s official support program for distribution among 
Vietnam’s communes. This represents a classic constrained optimisation problem which can 
be set up and solved using a Lagrangian approach in the usual way: 
 c+d	ℒ = 	∑ (Y", Yℎ", 9", ;4")\"]) + 	f(Y −	∑ Y"\"]) )     (5.3) 
Equation (5.1) can be specified in its multiplicative form as: U =	∑ hY"iYℎ"j9"k;4"lm\"])       (5.4) 
where 0	 ≤ & ≤ 1, 0	 ≤ q ≤ 1, 0	 ≤ I ≤ 1 and 0	 ≤ r ≤ 1. The equation (5.4) is then 
maximized given the constraint in (5.2). Using the Lagrangian approach, the government 
chooses to allocate support to each commune by adhering to: ^ℒ^sb = &Y,&−1Yℎ,q9,I;4,r − 	f = 0     (5.5) 
Rearranging (5.5) and solving for Y" yields: 
Y" = 	tisubvwbx`abyz { ||}~                                                            (5.6) 
 
32 The framework draws on the model of Feeny and McGillivray (2008) devised for the allocation of foreign aid 
across countries. 
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Taking the logarithms of both sides and adding an error terms yields the following 
estimating equation. Government support for commune i in the post-disaster period is 
determined by the characteristics of shock, characteristics of commune i and its political 
connections: Y",$ = 	& + 		q3RhYℎ",$6)m + 	I3R(9",$) + 	r3R(;4",$) +	?" +	q$ +	@",$ (5.7) 
The variable Y",$ is a dummy equal to one if commune i receives support from the 
government’s official support program.33 The key independent variable in this analysis is 
political connections (;4",$), measured by the total connections that commune i has in period t. 
Since communes with larger populations are likely to have more connections, the number of 
connections are divided by the population of the commune.34 While examining connections at 
an aggregate level, this chapter also investigates three different types of connections: (i) 
household members as public officials; (ii) relatives that are public officials that live outside 
the household; and (iii) households that have friends or acquaintances as public officials. The 
key parameter r measures the impact of having political connections on the probability of 
receiving support from the disaster resilience program. 
The variable Yℎ",$6) measures the number of disasters that commune i has been 
subjected to in the last 10 years. This chapter assumes that communes that have higher 
frequency of disaster will receive more concern from the government. 9",$ is the vector of 
control variables which includes (i) (average) annual income per capita in commune i in period 
t; and (ii) poverty level measured by headcount poverty in commune i in the same period.  
It should be noted that in equation (5.7), a panel model with ?" and q$ is employed 
denoting commune and year fixed effects respectively. The commune fixed effects account for 
time-invariant and unobservable factors such as geographical conditions and trade exposure. 
The year fixed effects deal with macroeconomic shifts that could impact both political 
connections and access to support programs.  
This analysis starts by estimating question (5.7) using a conditional fixed-effects logit 
model to account for the dependent variable being a dummy variable. One potential problem 
with this logistic regression is the missing observations that arise when the dependent variable 
is constant over time. In other words, the estimated results only consider communes gaining 
 
33 There are no data on the amount of support that each commune receives. 
34 The sample size in each commune has been adjusted to account for the fact that a larger sample size increases 
the expected number of politically connected households detected. 
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assistance or losing assistance in the study period. This chapter therefore further estimates the 
impacts of political connections using linear regression, including traditional OLS and panel 
analysis with commune and year fixed effects. 
5.4.2. Data 
This chapter utilises a panel dataset from the Vietnam Access to Resources Household 
Survey (VARHS), administered every two years from 2006. The dataset includes 
approximately 480 communes in 12 provinces. The survey instrument consists of (i) a 
commune module including information on infrastructure, access to services and development 
programs, and (ii) a household module which solicits information on characteristics of 
household members such as agricultural activities and a household’s welfare. The aim of 
VARHS is to complement the large and nationally representative Vietnam Household Living 
Standards Survey (VHLSS), with a specific focus on collecting data and gaining an 
understanding of rural households in Vietnam.  
Data for most variables included in the model are collected from the commune module 
of VARHS. This chapter focuses on the period 2012 to 2014 when information on receiving 
support after disasters is available. In each survey, respondents were asked whether there was 
any disaster that occurred in the last two years. There are four types of climatic shocks: flood, 
drought, typhoon and landslide. For each type of shock, there are questions asking whether the 
commune receives any assistance in the post-disaster period. In order to examine the impact of 
political connections on post-disaster assistance, this chapter only focuses on communes 
suffered from natural disasters. Figure 5.4 provides a summary of communes affected by 
natural disasters in the period 2012 to 2014. From the total sample of approximately 480 
communes, 328 communes were affected by shocks in 2012 and 371 communes in 2014. There 
are 173 affected communes (about 53 percent) which did not receive support from the 
government in 2012, this number increases to 255 communes (about 69 percent) in 2014.  
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Figure 5.4: Summary of communes suffered from climatic shocks in the period  
2012–2014 
The information on political connections is derived from the household module of the 
survey. The household survey collected detailed information on connections to officials. The 
first category of connections includes households themselves having public officials. The 
second category includes households having relatives as officials. The third category includes 
households having friends or acquaintances as officials.  
The dataset also contains information on the positions that connected people hold in 
public office. This includes district/commune leader, district/commune official and mass 
organization leader. Since mass organizations (such as farmer’s union, women’ union and 
youth union) are not political organizations, they are not included in the study. Separating 
leaders from other commune officials is important as the political influence of individuals is 
not expected to be homogenous. In this regard, it is expected that knowing a leader is more 
valuable, in terms of relief allocation, than knowing lower level political representatives.  
The survey also has information on the specific relationships of public officials with 
households – parent, sibling or offspring. It is likely that the power dynamic underlying these 
relationships can influence the allocation of disaster relief. For example, as in many other 
developing country regions, offsprings in East Asia are socially understood to have a 
responsibility toward their parents, over and above other relatives. Therefore, that sons or 
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daughters of household heads that are now officials are more likely to provide post-disaster 
relief to their families, ceteris paribus.  
Table 5.1 summarizes the percentage of political connections in the sample at the 
commune level and whether they received post-disaster support. The most common type of 
connection is household themselves having officials, while the least common type is household 
having friends as officials. Overall, it is clear from Table 5.1 that communes receiving 
assistance from the government have higher political connections, in terms of any types of 
connections, than communes that did not receive support.  
Table 5.1: Descriptive analysis for political connections and post-disaster support 
  Year 2012 Year 2014 
  No support Support No support Support 
Types of connections     
Household members as officials 0.13 0.17 0.25 0.26 
Relatives as officials  0.11 0.19 0.16 0.17 
Friends as officials 0.04 0.03 0.06 0.05 
Any of the above 0.21 0.28 0.30 0.31 
Types of positions     
Leaders of district/commune 0.11 0.19 0.16 0.17 
Officials of district/commune 0.13 0.17 0.25 0.26 
Types of relatives     
Relatives as Parent (also in-laws) 0.02 0.01 0.01 0.01 
Relatives as Sibling (also in-laws) 0.06 0.07 0.06 0.03 
Relatives as Offspring (also in-laws) 0.01 0.01 0.04 0.03 
Relatives as Cousin or other 0.07 0.14 0.21 0.22 
Number of communes 173 155 255 116 
Notes: The connections to officials are calculated by taking total number of political connections divide 
by total population in the same commune; The variation in political connections between two years may 
be explained by retirement, promotion or moving to other positions; One may argue that households 
entering or exiting the sample may lead to a dramatic change in political connections from one period to 
the next. Still, this issue does not apply to our analysis as most households in our sample are interviewed 
in both surveys of VARHS. 
Table 5.2 provides the summary statistics of other variables used in this analysis. An 
unbalanced panel of 698 communes is employed covering the period 2012 to 2014, which 
includes household-level information for political connections and commune-level information 
for climatic shocks and receiving support. Urban communes are excluded from this analysis 
because climatic shocks are arguably more damaging in rural, agriculture-dependent, sectors. 
VARHS data set shows that urban areas make up approximately five percent of the total 
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number of communes in Vietnam. Therefore, their exclusion is unlikely to significantly affect 
the results. 
Table 5.2: Summary statistics 
Variable N Mean SD Min Max 
Receiving support (dummy) 699 0.39 0.49 0 1 
Political connections 699 0.99 2.71 0 29.71 
Income (Average annual 
income per capita in commune) 698 127.33 38.99 25 364 
Poverty (number of poor 
households) 699 254.19 211.72 14 1,146 
Population (in person) 699 7,623 4,064 1,215 18,891 
Shock intensity 699 8.33 1.89 3 12 
Notes: The political connections variable in this table has not been controlled for number of 
population. 
5.5. Results 
5.5.1. Main results 
The main results, estimating the impact of political connections on the probability of 
receiving post-disaster support from government authorities are presented in Table 5.3. The 
standard errors are clustered at the commune level in all regressions. The coefficients on the 
political connections variables are consistently positive and statistically significant across 
different estimation techniques. This confirms the expectation that communes with higher 
levels of connections are more likely to receive support in a post-shock period. Provincial 
commune authorities are often assigned the responsibility of channelling funds to recipients. 
This mechanism provides an opportunity for local officials to abuse their authority to direct 
resources to communes where they have self-interest. This finding is consistent with previous 
studies which show that political connections are a barrier that impedes the efficient allocation 
of resources for welfare programs.  
Column (1) in Table 5.3 provides the results from using a pooled OLS regression with 
the assumption that each observation in the panel data is independent of any other. This 
assumption is often violated because traits of the panel that are not represented by other 
variables will typically cause some form of within-panel correlation, which results in the biased 
estimation of standard errors. Columns (2) and (3) therefore provide results from a fixed effects 
model. The results in Column (2) control for commune fixed effects, while the results in 
Column (3) control for both commune and year fixed effects. Column (4) shows the estimation 
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of logistic regression with fixed effects. It should be noted that for this model, communes with 
no variation in the dependent variable are excluded, which explains the lower number of 
observations. 
Turning to the remaining variables, the results in Table 5.3 show that communes with 
lower average income are more likely to receive support in the post-disaster period. There is 
no evidence that poorer communes, measured by the number of poor households, receive more 
support from the government following a shock. Moreover, communes with a high frequency 
of shocks have a higher probability of receiving support. 
Table 5.3: Political connections and post-disaster support – Main results 
Dependent variable: (1) (2) (3) (4) 
Receiving support OLS One-way Panel Two-ways Panel Logit 
Political connections 0.031*** 0.029*** 0.031*** 0.241* 
 (0.010) (0.009) (0.009) (0.124) 
Income -0.111* -0.164** -0.111** -3.076*** 
 (0.060) (0.074) (0.053) (1.043) 
Poverty -0.015 0.129* -0.015 -0.197 
 (0.107) (0.069) (0.095) (0.538) 
Population -0.048 -0.112 -0.048 -0.522 
 (0.169) (0.145) (0.150) (1.106) 
Shock intensity 0.032* 0.037** 0.032* 0.126 
 (0.019) (0.017) (0.017) (0.092) 
Year 2014 -0.141**  -0.141** 0.001 
 (0.063)  (0.056) (0.424) 
Constant 1.963    
 (1.611)    
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; 
Column 1 shows results of OLS with commune fixed-effects, Column 2 shows results of panel 
analysis with commune fixed-effect model, Column 3 shows results of panel analysis with 
commune and time fixed-effects, Column 4 shows results of logit model; *** p<0.01, ** p<0.05, 
* p<0.1 
This chapter also seeks to examine the link between specific types of political 
connections and the probability of receiving post-disaster support. Simply look at political 
connections on aggregate could mask important heterogeneity in the relationship with post-
disaster assistance. The results are presented in Table 5.4. Firstly, political connections, 
measured by the number of household members as a share of commune population working as 
public officials, are found to be significantly correlated with receiving support. This result is 
consistent with Do et al. (2017), who find that hometown favouritism is a major determinant 
of government infrastructure spending. Also, communes characterised by households where 
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people have a large number of relatives working as officials are found to be associated with a 
higher probability of receiving support. This suggests that connections beyond being from the 
same hometown, such as kinship, are also important determinants of flows from government 
funded programs. On the other hand, the regression analysis shows that having friends as public 
officials is not statistically significant. Being friends with a government official is not a strong 
enough connection (on average) to increase the probability of receiving financial assistance. 
Therefore, the impact of political connections is valid only in the context of ‘family ties’ rather 
than connections outside of the household (‘social ties’). 
Table 5.4: Political connections and post-disaster support – Types of connection 
Dependent variable: (1) (2) (3) (4) 
Receiving support OLS One-way Panel Two-ways Panel Panel logit 
Panel A: Household members as public officials 
Political connection 0.059*** 0.057*** 0.059*** 0.271 
 (0.019) (0.017) (0.017) (0.183) 
Panel B: Relatives as public officials 
Political connection 0.038** 0.038** 0.038** 0.338* 
 (0.018) (0.017) (0.016) (0.190) 
Panel C: Friends as public officials 
Political connection -0.002 -0.002 -0.002 0.080 
 (0.039) (0.035) (0.035) (1.540) 
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; 
Column 1 shows results of OLS with commune fixed-effects, Column 2 shows results of panel 
analysis with commune fixed-effect model, Column 3 shows results of panel analysis with 
commune and time fixed-effects, Column 4 shows results of logit model; All regressions include 
full set of control variables; *** p<0.01, ** p<0.05, * p<0.1 
This chapter further examines impacts between different levels of political positions. It 
uses information on whether connections relate to officials working at the district or commune 
levels. Typically, district leaders, with direct authority to manage resources from the central 
government, can use their political capital to suggest to lower-level officials what specific 
communes should receive support. The model is run when connections are specified at this 
level and results are presented in Table 5.5. Again, there is generally support for a positive and 
statistically significant relationship between political connections and receiving support for all 
categories of connections, except households having friends as public officials.35  
 
 
35 It is expected that the same impacts for officials who work in the central government (or higher than district 
levels). Such information is not available in the VARHS.  
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Table 5.5: Political connections and post-disaster support – District level 
Dependent variable: (1) (2) (3) (4) 
Receiving support OLS  One-way Panel Two-ways Panel Panel logit 
Panel A: Total connections with public officials 
Political connection 0.035** 0.034*** 0.035*** 0.338** 
 (0.014) (0.012) (0.012) (0.161) 
Panel B: Household members as public officials 
Political connection 0.071*** 0.068*** 0.071*** 0.419* 
 (0.026) (0.022) (0.023) (0.231) 
Panel C: Relatives as public officials 
Political connection 0.041* 0.041* 0.041** 0.396* 
 (0.022) (0.021) (0.020) (0.239) 
Panel D: Friends as public officials 
Political connection -0.001 -0.001 -0.001 0.080 
 (0.036) (0.032) (0.032) (1.540) 
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; Column 
1 shows results of OLS with commune fixed-effects, Column 2 shows results of panel analysis with 
commune fixed-effect model, Column 3 shows results of panel analysis with commune and time 
fixed-effects, Column 4 shows results of logit model; All regressions include full set of control 
variables; *** p<0.01, ** p<0.05, * p<0.1 
The exercise is repeated for households connected to commune level officials. The 
results, presented in Table 5.6, suggest that having connections at this level raises the 
probability of receiving post-disaster assistance only when political connections are measured 
using total connections or having relatives as connected people. Communes are the lowest level 
of all administrative units, often including just a few thousand households. Thus, commune 
officials appear less able to influence those in higher levels of the political system. There is a 
consistent result when examining political connections by positions separately at the district 
and commune levels. Table A5.1 (Appendix) shows that having connections as leader/officials 
at the district level are positively correlated with the probability of receiving assistance. At the 
commune level, there is evidence of having public officials as leader is important, while the 
result of having public officials as non-leaders is insignificant. 
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Table 5.6: Political connections and post-disaster support – Commune level 
Dependent variable: (1) (2) (3) (4) 
Receiving support OLS  One-way Panel Two-ways Panel Panel logit 
Panel A: Total connections with public officials 
Political connection 0.062* 0.063** 0.062** 0.303 
 (0.035) (0.032) (0.031) (0.263) 
Panel B: Household members as public officials 
Political connection 0.064 0.062 0.064 0.145 
 (0.048) (0.044) (0.043) (0.324) 
Panel C: Relatives as public officials 
Political connection 0.078 0.082* 0.078* 0.627 
 (0.053) (0.047) (0.047) (0.510) 
Panel D: Friends as public officials 
Political connection -0.003 -0.003 -0.003  
 (0.100) (0.086) (0.088)  
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; Column 1 
shows results of OLS with commune fixed-effects, Column 2 shows results of panel analysis with 
commune fixed-effect model, Column 3 shows results of panel analysis with commune and time fixed-
effects, Column 4 shows results of logit model; All regressions include full set of control variables; *** 
p<0.01, ** p<0.05, * p<0.1 
Given the significant role of ‘family ties’ as the main mechanism, this analysis then 
investigates whether relationship-type plays a role in determining whether communes receive 
post-shock government relief. The results in Table 5.7 show that favouritism occurs when 
households have siblings, offsprings or cousins working in government, but not so with parents. 
This may be due to cultural factors pressuring younger household members to look after older 
relatives – a social norm that does not seem to apply from older to younger family members.   
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Table 5.7: Political connections and post-disaster support – Types of relative 
Dependent variable: (1) (2) (3) (4) 
Receiving support OLS  One-way Panel Two-ways Panel Panel logit 
Panel A: Relatives as Parent (also in-laws) 
Political connection -0.009 -0.009 -0.009  
 (0.041) (0.035) (0.036)  
Panel B: Relatives as Sibling (also in-laws) 
Political connection 0.096* 0.098** 0.096** 0.781* 
 (0.050) (0.045) (0.044) (0.441) 
Panel C: Relatives as Offspring (also in-laws) 
Political connection 0.153* 0.142* 0.153** 0.683 
 (0.079) (0.074) (0.070) (0.670) 
Panel D: Relatives as Cousin or other 
Political connection 0.052** 0.049** 0.052** 0.143 
 (0.024) (0.022) (0.021) (0.164) 
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; Column 1 shows 
results of OLS with commune fixed-effects, Column 2 shows results of panel analysis with commune fixed-
effect model, Column 3 shows results of panel analysis with commune and time fixed-effects, Column 4 
shows results of logit model; All regressions include full set of control variables; *** p<0.01, ** p<0.05, * 
p<0.1 
Finally, although the main purpose of this chapter is to examine the relationship 
between political connections and receiving support in the post-disaster period, it is also 
interesting to see whether communes with higher connections receive more assistance in the 
general context of public welfare. Assistance is measured using the number of government-led 
development programs over the last two years, available from the VARHS dataset. Unlike 
disaster programs, which are given in time of need, development programs are provided 
annually to improve the infrastructure of communes, such as upgrading roads, building 
hospitals and schools. Table A5.2 (Appendix) shows that communes with a higher number of 
political connections, measured by total connections with public officials and relative officials, 
are associated with a higher number of development programs received. The finding 
complements the existing literature examining political connections and public resource 
allocation (Do et al., 2017; Markussen & Tarp, 2014). 
5.5.2. Robustness checks 
Given that communes are the unit of this analysis, it is plausible that the relationship 
between political connections and receiving support in the post-disaster period is not causal. 
For example, communes receiving assistance from the government may need more officials to 
manage funds, thereby leading to a higher number of political connections. To deal with this 
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potential endogeneity, this section employs the information on political connections at time t-
1 to investigate its impact on receiving support at time t, subject to the occurrence of climatic 
shocks.36 The results, shown in Table 5.8, are consistent with the main finding. Importantly, 
there is a strong evidence of favouritism when political connections are measured as relatives 
of households, which confirms that ‘family ties’ are an important mechanism.  
Table 5.8: Political connections at time (t-1) and post-disaster support at time t 
Dependent variable: (1) (2) (3) (4) 
Receiving support at 
time t OLS One-way Panel Two-ways Panel Panel logit 
Panel A: Total connections at (t-1) 
Political connection 0.023* 0.021* 0.023** 0.077 
 (0.012) (0.011) (0.011) (0.081) 
Panel B: Household members as public officials at (t-1) 
Political connection 0.058 0.046 0.058 0.093 
 (0.046) (0.041) (0.041) (0.214) 
Panel C: Relatives as public officials at (t-1) 
Political connection 0.079* 0.077** 0.079** 0.489 
 (0.041) (0.037) (0.036) (0.356) 
Panel D: Friends as public officials at (t-1) 
Political connection 0.004 -0.008 0.004 -0.192 
 (0.132) (0.114) (0.116) (1.329) 
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; Column 1 shows 
results of OLS with commune fixed-effects, Column 2 shows results of panel analysis with commune fixed-
effect model, Column 3 shows results of panel analysis with commune and time fixed-effects, Column 4 
shows results of logit model; All regressions include full set of control variables; *** p<0.01, ** p<0.05, * 
p<0.1 
Another potential issue in the context of this analysis is measurement error, which is 
derived from the fact that the primary dependent variable (receiving assistance) and 
independent variable (disaster occurrence) are reported by the same respondent. To illustrate, 
a local official who is more closely related to his hometown may feel pressure to report that he 
was able to secure disaster assistance, or such an official may feel more pressure to say the 
commune did not secure disaster assistance in the hope to get more support. In the VARHS 
survey, four interviewed respondents were selected to collect information at the commune level 
including disaster occurrence and receiving assistance. Table A5.3 (Appendix) shows that in 
 
36 The correlation of political connections between the two samples periods is 0.16. This correlation is statistically 
insignificant lending support to the validity of the robustness check. Specifically, this test is conducted by 
examining the impact of having political connections in 2010 and 2012 on the probability of receiving assistance 
in 2012 and 2014, respectively. Note that the survey in 2010 is not used in the main analysis as data for disasters 
are not available. 
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most cases, respondents are non-official. Therefore, reporting bias is unlikely to be an issue in 
the analysis. Still, the main analysis is re-estimated using a sub-sample from VARHS to focus 
on commune-level respondents in the community who are not public officials. Results in Table 
5.9 suggest that our findings are not sensitive to this change. 
Table 5.9: Political connections and post-disaster support – Respondents are non-
officials 
Dependent variable: (1) (2) (3) 
Receiving support  OLS One-way Panel Two-ways Panel 
Panel A: Total connections 
Political connection 0.062 0.061** 0.062** 
 (0.051) (0.030) (0.029) 
Panel B: Household members as public officials  
Political connection 0.068 0.067 0.068 
 (0.074) (0.043) (0.042) 
Panel C: Relatives as public officials  
Political connection 0.136* 0.136*** 0.136*** 
 (0.075) (0.044) (0.042) 
Panel D: Friends as public official) 
Political connection 0.058 0.058 0.058 
 (0.087) (0.056) (0.049) 
Observations 318 318 318 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; 
Column 1 shows results of OLS with commune fixed-effects, Column 2 shows results of panel 
analysis with commune fixed-effect model, Column 3 shows results of panel analysis with 
commune and time fixed-effects; All regressions include full set of control variables; Results 
of Logit model is omitted due to collinearity; *** p<0.01, ** p<0.05, * p<0.1 
In this chapter, political connections are measured by the number of connections 
divided by population in the same commune. However, the raw number of political connections 
might also be important. For instance, consider the simple case of two communes. The first 
commune has five public officials and a population of 100, resulting in a measure of 0.05. A 
second commune might have 50 officials but a population of 1,000, resulting in the same 
measure of 0.05. However, the commune with a higher number of officials may be associated 
with a stronger political network, which results in a higher probability of receiving support. 
Therefore, this analysis uses the actual number of political connections without controlling for 
total population in Table 5.10. The impact of political connections on receiving support in the 
post-disaster period is significant when connections are measured in this way. 
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Table 5.10: Political connections and post-disaster support – Strength of connectedness 
Dependent variable: (1) (2) (3) (4) 
Receiving support OLS One-way Panel Two-ways Panel Panel logit 
Panel A: Total connections 
Political connection 0.047* 0.041* 0.047** 0.154 
 (0.025) (0.023) (0.022) (0.162) 
Panel B: Household members as public officials 
Political connection 0.058 0.046 0.058 0.093 
 (0.046) (0.041) (0.041) (0.215) 
Panel C: Relatives as public officials 
Political connection 0.079* 0.077** 0.079** 0.489 
 (0.041) (0.037) (0.036) (0.356) 
Panel D: Friends as public officials 
Political connection 0.003 -0.008 0.003 -0.196 
 (0.132) (0.114) (0.117) (1.330) 
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; Column 1 shows 
results of OLS with commune fixed-effects, Column 2 shows results of panel analysis with commune fixed-
effect model, Column 3 shows results of panel analysis with commune and time fixed-effects, Column 4 
shows results of logit model; All regressions include full set of control variables; *** p<0.01, ** p<0.05, * 
p<0.1 
Finally, the analysis is expanded by testing the connections to non-political groups. 
Although the core hypothesis relies on public officials who hold direct or indirect authority to 
allocate resources, it is interesting to investigate connections outside the political system. Thus, 
this chapter employs the information on officials working for mass organizations, such as 
unions or farmer associations. The results in Table 5.11 find no evidence of the relationship 
between having connections to non-political groups and receiving support. This suggests that 
a direct connection to a political party, rather than indirect connections, provide the important 
role in the context of disaster assistance. This chapter then investigates whether political 
connections also affect the probability of receiving support from non-government sources. This 
also matters in the context of non-government assistance as funds from NGOs often have to 
pass through government channels. The results shown in Table 5.12 confirm the expectation. 
Political connections have an impact not only on government funding received, but also on 
funding from non-government sources. The findings therefore indicate that political 
connections are a significant threat, which potentially reduces the efficiency of support 
program in the context of climatic shocks. 
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Table 5.11: Non-political connections and post-disaster support 
Dependent variable: (1) (2) (3) (4) 
Receiving support  OLS One-way Panel Two-ways Panel Panel logit 
Panel A: Total connections to non-political group 
Political connection -0.031 -0.016 -0.031 -0.156 
 (0.044) (0.037) (0.039) (0.188) 
Panel B: Household members as non-political officials 
Political connection -0.040 -0.027 -0.040 -0.085 
 (0.080) (0.072) (0.071) (0.314) 
Panel C: Relatives as non-political officials 
Political connection -0.035 -0.015 -0.035 -0.239 
 (0.066) (0.053) (0.059) (0.261) 
Panel D: Friends as non-political officials 
Political connection 0.020 0.011 0.020 0.304 
 (0.073) (0.064) (0.065) (0.358) 
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; Column 1 shows 
results of OLS with commune fixed-effects, Column 2 shows results of panel analysis with commune fixed-
effect model, Column 3 shows results of panel analysis with commune and time fixed-effects, Column 4 
shows results of logit model; All regressions include full set of control variables; *** p<0.01, ** p<0.05, * 
p<0.1 
 
Table 5.12: Political connections and post-disaster support – Assistance from NGO 
Dependent variable: (1) (2) (3) (4) 
Receiving support  OLS One-way Panel Two-ways Panel Panel logit 
Panel A: Total connections 
Political connection 0.035*** 0.034*** 0.035*** 0.127 
 (0.011) (0.010) (0.009) (0.081) 
Panel B: Household members as public officials 
Political connection 0.050** 0.046** 0.050** 0.151 
 (0.024) (0.022) (0.021) (0.131) 
Panel C: Relatives as public officials 
Political connection 0.055*** 0.055*** 0.055*** 0.276* 
 (0.014) (0.012) (0.012) (0.166) 
Panel D: Friends as public officials 
Political connection -0.056 -0.058 -0.056 -0.912 
 (0.064) (0.058) (0.056) (0.929) 
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; Column 1 shows 
results of OLS with commune fixed-effects, Column 2 shows results of panel analysis with commune fixed-
effect model, Column 3 shows results of panel analysis with commune and time fixed-effects, Column 4 
shows results of logit model; All regressions include full set of control variables; *** p<0.01, ** p<0.05, * 
p<0.1 
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5.6. Conclusion 
This chapter provides strong evidence that the elite in Vietnam capture support 
programs in the context of natural disasters. Using panel data at the commune-level, it shows 
that higher levels of political connections are associated with a higher probability of receiving 
support in a post-shock period. The findings reveal evidence of favouritism in the political 
system, whereby officials have incentives to direct funds from the government toward their 
own commune members.  
This chapter contributes to the literature by examining different types of political 
connections. It shows that favouritism is prevalent when government officials are household 
members or relatives living outside the household. There is no evidence that being friends with 
officials increases the likelihood of receiving post-disaster relief. Also, officials at the district 
levels are more likely to abuse their power than officials at the commune level, the smallest 
administrative unit. Finally, there is evidence suggesting that support is more likely to flow 
from younger to older family members. Even though the study uses Vietnamese data to reach 
these conclusions, the mechanisms explained here can potentially explain similar relationships 
in other countries characterised by imperfect democracies both within East Asia and beyond. 
The main findings of this chapter provide important lessons for policymakers to 
increase the efficiency of public policies. More transparency indicating how resources are 
being allocated in the aftermath of disasters is warranted. Perhaps, apolitical non-government 
or foreign institutions need to work closely with the government of Vietnam to establish a 
better monitoring process.  
There are two suggestions for future research to advance understanding of political 
connections and public welfare. First, although this chapter reveals important impacts of 
political connections on receiving support after disasters, the type and intensity of disaster 
might play an important role. Second, a paucity of data prevented an examination of the impacts 
of political connections at the highest level of Vietnam’s government. It might be the case that 
more power and influence at these higher levels might have an even greater impact on the 
allocation of resources. This remains an interesting and important area for future research. 
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Appendix – Chapter 5 
Table A5.1: Political connections and post-disaster support – Types of position 
Dependent variable: (1) (2) (3) (4) 
Receiving support OLS  One-way Panel Two-ways Panel Panel logit 
Panel A: Public official as district/commune leader 
Political connection 0.006*** 0.005*** 0.006*** 0.027 
 (0.002) (0.002) (0.002) (0.018) 
Panel B: Public official as district leader 
Political connection 0.004*** 0.004*** 0.004*** 0.019 
 (0.001) (0.001) (0.001) (0.013) 
Panel C: Public official as commune leader 
Political connection 0.003*** 0.003*** 0.003*** 0.014 
 (0.001) (0.001) (0.001) (0.010) 
Panel D: Public official as district/commune official 
Political connection 0.004** 0.004** 0.004** 0.034* 
 (0.002) (0.002) (0.002) (0.019) 
Panel E: Public official as district official 
Political connection 0.003** 0.003** 0.003** 0.024* 
 (0.001) (0.001) (0.001) (0.014) 
Panel F: Public official as commune official 
Political connection 0.002 0.003 0.002 0.007 
 (0.005) (0.005) (0.004) (0.024) 
Observations 698 698 698 220 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; Model 1 shows 
results of OLS with commune fixed-effects, Model 2 shows results of panel analysis with commune fixed-
effect model, Model 3 shows results of panel analysis with commune and time fixed-effects, Model 4 shows 
results of logit model; All regressions include full set of control variables; *** p<0.01, ** p<0.05, * p<0.1 
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Table A5.2: Political connections and development program received 
Dependent variable: (1) (2) (3) (4) Total development programs 
Total connections 0.008**    
 (0.003)    
Household members as officials  0.010   
  (0.007)   
Relatives as officials   0.016***  
   (0.006)  
Friends as officials    0.025 
    (0.016) 
Income 0.069** 0.070** 0.070** 0.070** 
 (0.031) (0.031) (0.031) (0.031) 
Poverty  0.069*** 0.068*** 0.069*** 0.067*** 
 (0.017) (0.017) (0.017) (0.017) 
Population -0.060** -0.063*** -0.060** -0.065*** 
 (0.024) (0.024) (0.024) (0.024) 
Constant 0.642** 0.679** 0.637** 0.700*** 
 (0.271) (0.270) (0.272) (0.266) 
Observations 696 696 696 696 
Notes: Standard errors in parentheses; Standard errors are clustered at the commune level; 
Results of OLS Regression; All control variables are in logarithm form; *** p<0.01, ** 
p<0.05, * p<0.1 
 175 
 
Table A5.3: Position of interviewed respondent in the commune module (in percent) 
Position of interviewed respondent 2012 2014 
Commune Chairperson 16.53 13.80 
Commune Deputy Chairperson 25.39 24.04 
Commune Statistical Officer 19.88 24.04 
Farmers 7.31 6.38 
Other 30.90 31.75 
Total 100 100 
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CHAPTER 6 – CONCLUSION, POLICY 
RECOMMENDATIONS, LIMITATIONS AND AREAS FOR 
FURTHER RESEARCH 
 
6.1. Introduction 
It is understood that climate change is the most significant challenge facing humankind 
in the twenty-first century. A strong indicator of climate change is the significant increase in 
global mean surface temperature from 0.4 °C to 1.4 °C in the last 100 years (McCarthy et al., 
2001). Over and beyond the next century, scientific evidence has shown that the intensified 
accumulation of carbon dioxide and other greenhouse gases will continue to exacerbate this 
global issue. As a result, this serious environmental problem will affect not only global 
ecosystems by changing the composition of vegetation (as well as plant, animal diversity and 
human health), but also economies through various channels such as agricultural production, 
depleting water resources, energy and tourism. 
People in developing nations are commonly believed to be more vulnerable to climate 
change due to resource scarcity, poor infrastructure, unstable institutions and to their reliance 
on agriculture. Their low adaptive capacities mean that climate change will prevent their 
progress towards poverty reduction through increased health and food shocks, while 
simultaneously decreasing their access to clean water and basic services. 
This thesis uses Vietnam as a case study to examine the effects of climate change. 
Vietnam is one of five countries predicted to be most affected by climate change in this century 
because of its long coastlines, high concentration of the population and economic activity in 
coastal areas, and due to its heavy reliance on agriculture, natural resources and forestry 
(Harvey, 2009). In the past 50 years, climate change in Vietnam has been characterised by an 
increase in average temperature by 0.5–0.7 °C, a rise in sea levels by 200 mm and a high 
frequency of storms, floods and droughts. By the end of the twenty-first century, most climate-
change scenarios for Vietnam predict the annual average temperature will continue to rise by 
2–3 °C and the sea level will rise by 650–1,000 mm. Simultaneously, a change in rainfall is 
expected to increase in the country’s rainy season and decrease in its dry season. As a result, 
climate change is considered to pose a serious threat and presents a significant challenge, 
particularly to hunger eradication and poverty reduction. 
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A considerable amount of research has been conducted in Vietnam to study the effects 
of climate change at both micro and macro levels. However, most studies have only provided 
qualitative evidence of climate change. Only a few studies have tried to quantify the economic 
effects of climate change. This thesis seeks to fill this gap by using different techniques to 
examine climate-change effects on wellbeing in Vietnam. Findings from this study are 
expected to provide implications for policymakers to reduce the future effects of climate 
change in Vietnam. 
To achieve this goal, this thesis attempts to answer the following research questions: 
1. Is climate change affecting the value of agricultural production in Vietnam? 
2. Do climatic shocks affect the migrating decisions of households? 
3. Do climatic shocks have adverse effects on child health? 
4. Do political connections reduce the effectiveness of support programs in a post-
disaster period? 
The rest of this chapter is structured as follows. Section 6.2 provides a summary of 
findings from this thesis, Section 6.3 presents policy recommendations to reduce the effects of 
climate change in Vietnam and Section 6.4 discusses the limitations of this study and provides 
suggestions for future research. 
6.2. Summary of findings 
Chapter 2 investigates the effects of long-term climate change on agricultural activity 
in Vietnam. By using the VHLSS for the period between 2004 and 2012, combined with the 
average climate data measured across 65 years, this chapter analyses the various impacts that 
climate change has on agriculture across multiple seasons. For example, warmer temperatures 
in Vietnam’s dry season can help farmers begin their planting season earlier, therefore, 
increasing crop revenue. Nevertheless, there is a turning point in which further increases in 
temperature can damage crops. Conversely, during Vietnam’s wet season, higher temperatures 
are associated with lower crop revenue due to higher costs of irrigation. The effects of climate 
change also differ by region. Irrigated farms in the Central region (which has the advantage of 
favourable weather without cold winters) can benefit from temperature changes more than 
those in the North. Meanwhile, in the South, both rain-fed farms and irrigated farms can have 
higher crop revenue due to a comprehensive irrigation system. This chapter also attempts to 
estimate the future effects of climate change by using different scenarios. The findings confirm 
that climate change has both negative short-term and long-term effects on agriculture. 
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Given these adverse effects on agricultural productivity, it is possible that household 
members will migrate to other regional areas to diversify their income. Therefore, Chapter 3 
attempts to examine the relationship between climatic shocks and migration. This chapter 
focuses on climatic shocks rather than long-term changes, given that these shocks are, arguably, 
more likely to trigger migration. This study departs from most existing literature by using the 
number of deaths, injuries, and damaged and destroyed houses to measure the intensity of 
shocks. Overall, a higher intensity of climatic shocks is associated with a higher probability of 
migration. 
Two mechanisms of migration were explored in this chapter. First, an extreme event is 
likely to destroy farm infrastructure, thus motivating a household to migrate. Second, a shock 
can also lead to migration indirectly through its reduction on agricultural production. The 
effectiveness of support programs is also investigated in this context. Importantly, there is no 
evidence that receiving support from the World Bank can reduce migration caused by shocks, 
while the effect of the Government’s Living with Floods program is proven significant. 
Chapter 4 establishes an important contribution to the climate change literature by 
focusing on child health. Given that unfavourable climatic conditions are likely to reduce 
agricultural outputs, this lessens a household’s ability to secure sufficient nutritional intake for 
its residing children. Moreover, an extreme event (such as a drought or flood) may directly lead 
to poorer child health by increasing the incidence of disease. The findings from this chapter 
confirm this argument by demonstrating that children living in areas with higher frequencies 
of climatic shocks are associated with higher probabilities of stunting and being underweight. 
More importantly, this chapter explores another mechanism through how rainfall shocks affect 
child health. It demonstrates that shocks are associated with mothers’ poorer mental health, 
which, in turn, is associated with poorer child health. Finally, this chapter examines the role of 
coping strategies to improve child health. The results show that households receiving support 
from formal channels are less vulnerable to shocks, while the effects of informal channels are 
insignificant. 
Given the role of formal support on reducing the effects of climate change, Chapter 5 
seeks to investigate the relationship between political connections and post-disaster assistance. 
Vietnam provides an interesting case study, as it remains solidly authoritarian and governed by 
entrenched single-party regimes. Regarding post-disaster assistance programs, its government 
might provide privileges for local leaders and government representatives the rights to select 
recipients of its support. The main finding from this chapter indicates that communes with 
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higher political connections are more likely to receive support in a post-shock period. Different 
types of connections are also carefully examined in this chapter. The results show that 
favouritism is prevalent when government officials are household members or relatives living 
outside a household; further, befriending officials reduces the likelihood of experiencing post-
shock effects. Officials at district levels also appear to abuse their power more than those at 
commune levels. Finally, there is evidence that support is more likely to flow from younger to 
older family members. 
6.3. Policy recommendations 
It is understood that climate change will be a serious threat to Vietnam’s continued 
socio-economic development. An increase in temperature and unpredicted patterns of 
precipitation, along with a high frequency of climatic shocks, will all have remarkable effects 
across sectors, regions and income groups, particularly on the livelihood of people residing in 
rural areas. So far, the Vietnamese government has not yet established the required national 
climate-change adaptation strategies to ameliorate these impacts. It is necessary to launch 
adequate and effective policy responses to cope with this phenomenon. This section attempts 
to provide recommendations for policymakers in Vietnam, which are motivated from the 
findings of this thesis. 
6.3.1. Reducing the effects of climate change on agriculture 
An important message this thesis conveys regards the role of irrigation on Vietnam’s 
agricultural system. By 2014, nearly 60 percent of its cultivated land was irrigated (Harvey, 
2009). The results from this thesis have shown that rain-fed farms are more vulnerable to 
climate change than irrigated farms. Further, it is likely that Vietnam’s ability to cope with 
future climate change depends on the availability of water for irrigation. Therefore, it is crucial 
for its local governments to upgrade their region’s irrigation and introduce programs that 
educate farmers on the effective uses of irrigation. 
In the short term, some potential policies include: 
• providing proactive crop irrigation by constructing water reservoirs and adopting 
more efficient methods such as spray and drip irrigation 
• selecting crops suited to climate change (short-term crops with short maturity, crops 
with enhanced resistance to harsh conditions of drought, high acidity, high salinity, 
pests and diseases) 
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• adopting new, more suitable cultivation practices (e.g., planting distances, fertiliser 
application, weed control, ploughing, post-harvest straw mulching, pest control and 
crop rotation). 
In the long term, policies to reduce the effects of climate change on agriculture include: 
• redistributing regional crop and livestock production to better suit changing climate 
conditions 
• encouraging agricultural technology research and development 
• forecasting crop output, developing disaster and pest warning systems in agriculture, 
and improving telecommunication systems. 
6.3.2. Reducing migration induced by climatic shocks 
Decisions to migrate are based on economic constraints or opportunities, social 
networks, political context and environmental stresses, including climatic stresses. This thesis 
suggests that income loss caused by a high intensity of shocks can result in unexpected 
migration. Thus, climatic shock-driven migration should be considered as an important policy 
issue in Vietnam. This is particularly true in the context of rapid urbanisation and economic 
development disparities across the country. It is likely that areas in big cities might face 
increasing pressure from an intensified migration flow following disasters. Therefore, it is 
important to enhance the institutional capacity in these areas to improve support for migrants 
and resettled people in dealing with climatic hazards. 
Since farmers may decide to migrate due to income shocks caused by climate change, 
it is necessary for Vietnam’s local governments to improve their awareness and readiness to 
cope with extreme events. For example, it is essential to improve the planning of infrastructure 
with a long-term vision, which includes the construction of hazard maps and production plans, 
organising volunteer teams to help farmers post-disaster, training and capacity building. In turn, 
this requires cooperation from other mass organisations such as the Vietnam Farmers Union 
(VNFU), the Vietnam Youth Federation (VYF) and the Vietnam Women’s Union (VWU). 
Another potential policy is to provide necessary financial support for affected 
households to compensate for income loss. Debt is a common aspect of rural life, which often 
occurs because of daily survival needs—for example, by borrowing small amounts from 
informal channels for food or for buying fertiliser, pesticides and seeds on credit from banks at 
the start of a cropping season. An extreme event can push households deeper into debt by 
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destroying home and crop infrastructure. Therefore, a loan program supporting poor farmers 
to rebuild their homes and infrastructure is essential. 
Finally, policies to cope with natural disasters should also consider the importance of 
demographic characteristics. Ethnic minorities are likely to be more vulnerable to climatic 
shocks; thus strong governmental support for these groups is necessary. In rural areas where 
people are more susceptible to natural hazards, the establishment of local organisations (such 
as farmers’ associations and youth unions) is also critical to strengthen their survival capacity. 
6.3.3. Improving child health following climatic shocks 
According to the IPCC, climate change poses significant threats to the livelihoods of 
millions of children around the world—particularly those living in the poorest and most 
vulnerable communities. This thesis provides empirical evidence of the effects of extreme 
climate events on child health in Vietnam. Relying on panel data on child health from Young 
Lives and on the average rainfall data spanning across 45 years, the results indicate that a higher 
frequency of climatic shocks is associated with a higher probability of stunting and being 
underweight. 
The Vietnamese Government has attempted to protect and empower its nation’s 
children upon experiencing climate change by conducting national-level policy and legal 
reforms. In 2014, the Law on Environmental Protection 2005 was revised to incorporate actions 
that respect the best interests of children, as well as gender equality. Additionally, it is also 
important for Vietnam’s local authorities to further commit to fostering climate-change 
resilience in children. This can be conducted by organising sessions at schools to learn new 
knowledge to improve child health, as well as strengthen children’s capacity to cope with 
climate change. 
Another important implication from this study derives from the relationship between 
parental mental health caused by shocks and child health. It is estimated that approximately 
13.5 million people suffer from common mental disorders in Vietnam (Harvey, 2009). One 
challenge is the limited access to mental health care services, especially in rural areas. To 
provide more mental health facilities, policymakers must first acquire a richer understanding 
of the determinants of mental health and the required factors to address. Next, it is necessary 
to equip workers (including farmers at a community level and family members) with 
knowledge and practical skills for early screening, diagnosing and prevention of mental illness. 
A community-based mental health care service can also be organised to provide more access 
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to people living in isolated areas. In turn, these policies are expected to have indirect positive 
effects on child health. 
6.4. Study limitations and areas for future research 
Although much effort has invested into this research, some limitations are unavoidable 
within a limited time frame and financial constraints. The first shortcoming derives from the 
climate change data used in this study. Currently, there are three types of climatic data available 
for research: ground station data, gridded data and reanalysis data. The most common type of 
data derives from ground stations, including temperature, precipitation and other indicators 
such as wind speed and humidity. However, one shortcoming of using ground station data is 
its incomplete coverage, especially in developing countries or areas with sparse population 
density. Therefore, this thesis employs gridded datasets provided by the University of 
Delaware’s Centre for Climatic Research Department of Geography. This dataset contains 
global historical estimates of temperature and rainfall for a grid of 0.5°x0.5° latitude and 
longitude, where the grid nodes are centred on a 0.25 degree; thus each grid covers the area of 
50 km2. These climate data are matched with the household data at commune level using the 
four closest grid points in the GMTS dataset. Nonetheless, there are several issues when using 
gridded data. First, different interpolation schemes can result in different estimates, particularly 
in short time periods (Dell, Jones & Olken, 2014). A second challenge derives from the case in 
which there are more grid cells than underlying stations, which makes it difficult to interpret 
the results. One potential solution for future research is to use reanalysis data, which is a 
combination of ground stations, gridded data and other sources with a climate model to create 
gridded weather data products. The main difference between reanalysis and gridded data is that 
rather than using a statistical procedure to interpolate between observations, a climate model 
is used, which, in turn, requires an advanced model of climate change. 
The use of household data in this study also raises some potential issues. Chapter 2 
employs the VHLSS. Although this is a national household survey in Vietnam, it does not 
directly explore how households responded to climate change in consideration of farmers’ 
socio-economic conditions. Another perennial issue with empirical data is it relies on 
households’ self-reported data, which contain the risks of recall bias. Chapter 3 also used the 
VHLSS with a focus on migration information. However, the survey is conducted with a 
representative from households (mostly the head of households) rather than all household 
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members. Thus, the migration information does not account for individual characteristics 
towards migration decisions. 
Chapter 4 employs unique data on children from the Young Lives Project. Nevertheless, 
parental mental health information is only available in the first round, which does not allow 
this analysis to control for unobservable determinants of child health, such as genetic factors 
or parental attitudes towards their children. In addition, the fact that Young Lives only covers 
five provinces in Vietnam prevents this study from providing an overall picture of child health 
in Vietnam. There are also some limitations due to the paucity of data in Chapter 5. Although 
this study reveals the important effects of establishing political connections in relation to 
receiving support after disasters, the type and intensity of disaster might also play an important 
role. Moreover, such data paucity prevents an examination of the effects of political 
connections at the highest level of Vietnam’s government. It might be the case that more power 
and influence at these levels have an even greater effect on the allocation of resources. This 
remains an interesting and important area for future research. 
The use of an instrumental variables (IV) approach in Chapter 4 also raises some doubts 
on the validity of an instrument. To address endogeneity in ‘parental mental health’, this study 
uses parents who were also victims of crime. It is expected to be highly correlated with parental 
mental health and should not affect child health directly. However, this exclusion can be 
violated if one argues that being a victim of crime also affects child health through one’s 
income channel (fewer resources). There are other potential variables in Young Lives, which 
can be used as an instrument, such as parental divorce or social support. Nonetheless, these 
variables can be directly linked to child health through different mechanisms. Given that it is 
difficult to find a perfect instrument, being a victim of crime is considered as the most 
appropriate instrument in this context. 
With limited available data, the interpretation and policy implications derived from this 
thesis should be treated carefully. Future studies need to collect and use more comprehensive 
data tracked across longer periods. Analyses of cost and benefit will be particularly useful in 
this context. In addition, further research should also provide a deeper understanding of the 
mechanisms through which climate change and climatic shocks affect a household’s wellbeing. 
Overall, the effectiveness and efficiency of policies in providing households with shock-
resilience should also be carefully examined. 
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